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is an attractive of the vention: a that 


which tax both skill: and ingenuity, it is that the results, \ 


and profit to. others in the p profession. The author pr proposes to — 


; = carefully observed and nd properly 1 recorded, are not of k both ol q 


_ brief mention of the old water-works of Astoria, Ore., and to present 


a description of the works | just completed, and to accompany it with 
such notes and observations incident to ¢ constru truction, cost, and final 


: determination of results as many engineers in charge 0 of work record 


in: their private note- books, but, at the expense of the profession at 


large, often fail to make a matter of public recital. In the amount of 


- expenditure involved these works are in no way exceptional, but in 


variety o of work and consequent interest, it is believed that they have not 


been exceeded, even by works of greater 


1896. 
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11 John Sacob 
and made by’ Washington Irvi ing’ 8 Astoria, is situated 
in = on n the south shore of the Columbia River, here’ M1 miles in width, about 


miles above its mouth, and occupies a much broken peninsula , 


toa height of 600 ft. the Columbia River and 


In 1883-84, the Columbia Wa ater Company, a 


built a system of works utilizing Bear Creek, a small m 
flowing into t the Columbia about 7 miles above the | town, as a source st 
supply. water was conducted by | grav ity to o the town through a 


line of lap- -welded wrought-i ht-iron pipe of the following sizes and 
lengths: 1 825 ft. of 10-1 in., 2 275 ft. of 8- in., ) 000 ft. of 6-in. a The 


line terminated in a reservoir of 500 000 galls. capacity built ‘at a flow- we 

line e elevation a above n mean low tide o of 166 ft. » from which t the waniar: was 

dintetbated over the t town thr rough pipes ranging in size 6i to 


4 li in., the smaller sizes largely predominating. o provision wa yas made 
_ for fire protection from these works. No especial interest attaches to — 


4 them other than as showi ing a remarkable exam ple of how works may 


iA be built by sc so-called practical m men without incurring any e expense for a 
ms engineming supervision; 140 000 galls. in 24 hours is all that the > pipe- 


- line could ever be made to deliver into the reservoir, ., not over 60 or 70 4 x 


: <a what might reasonably have been expected if properly built. The line — 
was laid from the source ‘immediately to tide water in the Columbia, 


- without recourse to instrumental work, ‘and thence down the tide flats a. 


to town, thus subjecting t the entire line to the 


could be supplied to ¢ consumers « on ‘the morrow. ’ In addition to this — 
the | pipe was laid without regard to. either. alignment or grade, and a 
with 80 little cover r that the lateral of thrust at at ~ 


1891 to an 


oe on the part of the. citizens which culminated in the appoint-— q 


; “a ment by an act of the State Legislature ‘of a Board of Water Commis- 4) 


sioners, authorized to purchase the works. of the Columbia Water 


4 Company, to reconstruct the same, or to build new works with a view oe 
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course of a very few years so thoroughly honeycombed the pipe as to 
eee ‘ 2 __ render it a very serious question from day to day whether or no water BS, 
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“ 
exceeding $500 000 necessary for the 


Shortly after its organization, the "purchased the 
works fi for the sum of of $75 000. Some effort was then made t to securean — 


_ improv ement of the : without resorting at to entire 
struction, but without any y satisfactory results: being al attained, we 
repeated interruptions in n the w water supply | by failure it in the gravity 


line, the insufficiency oft tthe supply, and inability of the system 

built te to afford water to a any of the | higher elevations of the | city, all 


Tue New Works. Bee 
of 1893 the author reported for the Commission onan 
7 ‘inereased water supply, and recommended the construction of a new 


s stem substantially as has been subsequently carried out. During ye 


6 he following spring a beginning was made on the preliminary sur- pe “ie 
veys and plans, but the general business depression of 1898 influenced 


the Commission to ) suspend operations indefinitely. ih 1894, 
however, were again taken up with the intention of getting 


a 


construction under way the following spring. order. to meet in a 
_ measure the pressing public deman demand for ‘more water ter pending the econ. 


s struction of al new works, the old gravity line wa was parted at tide- ‘ay 
water elevation, , about 8 000 ft. distant from the r reservoir, and diverted ey : 
into a a tank, thereby securing about 160 ft. more fall in the pipe line 


and an increase of one-half in the discharge. ‘From the tank the water 


LoS 


was pumped to the reserv: oir by ar arrangement with the electric “street 
railwa ay company to supply the ‘power. The plans for the new works 


were completed and the programme for construction carried out 


Water Supply.- —The water supply is derived from Bear Creek, the 


at. 
| iverson being made about 1 mile farther 1 up the stream than was se- F 


lected in construction — of old works. This is 


"mountain stream having a drainage aren above the diverting point of 


4.82 square miles, all of which is heavily timbered and covered with « a 


| beautiful 


dense growth of of moss and ferns. During ‘the comes: the run- -off 
varies 000 000 to 80 0000 galls. in ‘outs, — 
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_ weeks of dry weather in pa rust and ie to an extent very 


“usual i in a stream having ‘80 limited a drainage area. The yield of 

this area was materially increased by diverting into Bear Creek above 3 
4 the: head works another stream , Cedar Creek, which originally en- 


red a a mile { farther down, t this work bei being accomplished at almost no x 


expense. Careful of the flow of the stream 


« 


From t these ‘results and of the ease hich aout 
N oa 50 000 000 galls. can be stored just above the. diverting \ weir, it was << 
sumed that a a daily ‘supply. of 4 000 000 galls. s. could be : made available 


from this source with a reasonable degree of certainty. . Itw was eae 


ingly determined that this figure should be made the basis for all 
computations of f capacity in The const truction the 


_ storage reservoir was, however, t be def erred u until the demand for a 


supply in excess of that afforded by the stream n direct should necessi- — 
oie its construction. . This determination as to ‘capacity in the con 


struction of the new ‘works was also i in nfit uenced by the rapid growth: a = 

the town, now havi ing a population ‘of fully 10 000, and by the fact 

4 that the large an and available sources of supply for the future city will ; 
all be » brought in in ov er the same ; general route adopted for the new 


General Arr angement.— —Briefly outlined, the new works consist of 
— 


the followi ving structures: The |] head works on Bear C Creek, a small 
diverting ¥ weir with a crest elevation of 589. 35 ft., diverts the 
= aa: _ water t through . a head gate into a » small receiving b basin, from om which it it 4 
led through an 18-in. wood-stave pipe to a masonry settling basin 
1000 ft. distant, _ where it is screened a and weired. The water is then 
conducted | through pipes of the he following cl character and order: 956. 
“ft. of 18-i in. wood- d-stave pipe, 1 239 ft. of 16- in. riveted steel pipe, 

: ‘ 10 450 ft. of 18-in. wood gr ais ft. of 16- pin. steel pipe, 3 606 ft. of 
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ASTORIA Ww ATER-WO 
w ood pipe—in all a little over’ 10.5 5 miles, to an elevation within the is 


= limits of 425.75 ft. Th sses by a rapid descent tl 


full i is 28 282, 4 ft., and of th the point 289.00 ft. 


They resery oir has a capacity of 6 250 000 galls. and ag located on the 


fs Young’ s Bay side of the Peninsula, while the city is ‘situated | princi- 


to o the distributing system through a an n 18-ix -in. pipe laid i in ® tunnel 
1200 ft. long, passing through ‘the divide. . The distribution is di- 
vided at present into a high Service, the low ver b being ‘supplied 


g from the small reservoir previously connected with the old works, and © 


the high service from the new reservoir. » These two | services, in case a ea 


of ' fire, are thrown together, the lower reservoir cut out by the opera-— 
tion of a check and the secured from reser- 


Two other Services: of elevation wile 


by pumping with water at new power hous 
Construction. — .—It was expected that by letting contracts f 


materials and construction during the winter months, the contractors 


would be able. to complete the work during the dry season, 


lasting in this locality from Tune Ist to October Ist. t. Accordingly 
advertisement was made in December, and bids opened on =. 


10th, 1895. Proposals ‘were invited on the work divided into’ sev ven 
 divis isions, each being segregated into the different items entering into 


and a percentage of reduction from the aggregaté amount of the 
4 


proposal asked in consideration of the entire seven divisions being © 
“awarded ¢ to the: same person. _ The he divisions : referred to were as follows: 
First. —Clearing and grubbing the conduit right of way and 
ing: the road alongside it; making necessary | bridges: and ‘culverts; 
constructing a telephone line; and refilling th the conduit 


trench, and excavating the res reservoir. 


set 


reservoir, erecting gate and power ‘including 


ae Ss 
. the Say and placing of all gates, fittings and appliances in i 


— 
| ii 
4 
1 from the central fire station .—l 
rhich are both opened and closed from the oe 
a entually be — 
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Fifth.— —Riveted steel conduit, furnishing and 
Sicth Distributing sy 
Bighth.— _—All cement t required on on ‘the work. 


ie The almost entire absence of construction work on ee Pacific Coast “4 


i 
3 at this time rendered the bidding ‘exceedingly ¢ spirited, with the final i 
‘result that the Commission was confronted with © ‘the alternative of 


= arding sev eral important ; divi isions of the work on proposals, which, 
though formal in the last degree, and supported by contractors 3 deter- 
mined to to have their rights recognized and to secure the work at ab any 

were manifestly less i in omount than that for which the work could 
me 7 be performed; or on the ¢ ‘other hand, ‘rejecting these bids and aw awarding 
a higher bidders. The author holds, in tl the much-discussed question ou 
to which this gives rise, that though a private person company: may 


with creditable diseretion, discard a bid that is: too low, yet i in 
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with due “propriety and regard for the wishes of the 

_ whom it it serves discard such a bid. The su subject has ‘Proved an inter- 

esting one in Astoria i in in the light of after developments. ‘After a care-— 


ful consideration of the ‘matter, the awards were made { to the low west 
bidder in each case, and divisions: 1, 2,3, 6 and 7 were let in accord-— 


with | ‘the above hypothesis, a all ‘but ‘No. 6 being united ‘one 
¢ award. Nos. 5, 6 and 8 were each awarded separately to different parties. * 
5 While it was to be expected that some unpleasant « conflict _ of interest 


~ 


hata would arise e from this div iding | of the work, yet the 0 large saving tothe _ 
 eity thereby w was considered amply ¢ compensative. 
oe gg Proposals were re invited oi on $200 000 of bonds at ans same time that i 


4 


= 


bids were asked on the construction, but “through certain unexpected ay 


he difficulties in their negotiation, the money was not realized on them 


a until the following May, when the contractors were immediately noti- 


fied to ome with the work. = In the mean time the contracts for ¥ 


= mutual ¢ consent of th the principals 


Pay 
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a distance filled, euenl it to be very ‘late in the ened 


was well started on several of the contracts. 
previ settee along as smoothly as can be | expected on work where 


majority of the contractors losing until the middle 
September, when the contra ctor for divisions 1, 2,3 and 7 suddenly 


failed, and disappeared t to escape the some hundreds of 


unpaid laborers. The customary | suits, attachments and injunctions 


E immediately follow ed. UA few thousand dollars allowed on estimates, 
still i in the hands of the Commission to the credit of ‘e bankrupt a 

; , neither public funds nor public works being attachable i in 


were by the order of the court paid over to ‘a rece 
element, which largely predominated among the not 
being satisfied with the slow process of law in the recovery of their mee 


claims, and being incited by irrespons and incendiary agitators, 


4 i after trying for some days to deovias es ) paym ment of their employer’ 


mmission by parading the streets in full force in martial order and by se 


desieging the offices and residences « of the members: of the Commission 


= of the engineer, finally inaugurated a a strike ‘against the city. 


Arming themselves axes they forced ‘suspen- 


“all parties that a any attempt to until they had been paid i in 
full, would be at at the peril of their lives, and that unless they wer 


B. speedily s sett: with, the works already built would be destroyed ¥ 
giant ‘powder. The Commission resisted the revilings and ill-con- 
sidered 0 large | but misguided portion of the citizens, and pa eee 
"steadfastly refused to incur single expenditure not legally author 
‘ized. In the mean time arrangements were made with the bondsmen 


of the defunct company to proceed with the work, and public senti 


ment was isfied when all strikers offered work, 


wages to be made weekly, a and gi guaranteed by the city. As was | 


a pated, , the strikers, misinterpreting these actions, attributed them to 
fear instead of sympathy, a and remained as obdurate as over, refusing 


change their pos position ‘until all claims for back wages were satisfied. 
‘This being impossible, he however ‘desirable, through lack of suitable 


Age 


legislation i in Oregon, and public sympathy being then largely 


i, drawn, a | determined effort” was made to start work, which was 
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ow water supply was available from the new source and thr 


ADA MS ON ASTORIA WATER-WORKS. = 
pony Most of the men returned to to work in the « course of of a few « cies tne 
: but after bested in vain for two wo weeks to get decent cand expeditious 7 
from this element, which, through the influence of agitators and 
Italian lawyers, ‘constantly maintained a menacing attitude, the ¢ author 
gave up in despair and had the entire foros summarily removed from 


the work, and new ‘laborers employed. 


a The gravity line was completed, and the water formally turned into 
the new reserv oir on December 21st, in the presence of a large number 


of enthusiastic | citizens. - Although this was ostensibly the first water 
to enter any part of the new perhaps it is to add 


that: everything had been very quietly ‘but thoroughly tested be- 
forehand; and any imperfections i in 1 workmanship, | liable to grow i into 


of difficulty i in the eyes of the were well token 


about February In ‘the ‘meantime, however, the city had for 


some weeks been ‘supplied from t the new conduit t by laying a tempo- 


“The high serv ice is 1 is ‘not yet “quite » complete, as as most of ihe 
it t f t t of the old ity li 

* hes used in i i was taken | rom he upper part of 1 e ole gravity line 

and ts from the old distribution, sabiele could not be disturbed until the 


ugh the new 


distribution. ‘The entire plant will have been completed in less 
one ey ear, although the larger part of the work has been done. during: the — 
‘ainy season, nota light matter where the average annual rainfall is i zc 
ere the av 
excess of 75 i ins. ‘The prosecution of the work whole was very 
if ing to both contractors ande engineers. To the former, because only 


ee of circumstances, fortunate to the city, the works have been built at 


remarkably small cost ; and tl the author doubts if there is another 


system on the Pacific Coast where similar results have been accom 


construction, of force, materials and 
, were made to the Chief me 


‘and these been the basis of prepared Lesti- 


provisions. of a contract under such a 
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whic 


may considered entirely reliable. Theses report 8, by the 


- proved invaluable i in n unraveling the: affairs of the contracting company | 
that failed, end in in many extras, ete. 


EAD ORKS. 
oa ‘The diverting weir is located near the head of a narrow 7” rocky and 


ct gorge on Bear Creek. it is very simple in 1 character, is 


founded on solid rock, is en tirely tight, and serves to divert the water 
"through the head gate i into ee small receiving chamber, from which it 
enters the } pipe leading to the settling basin, while the surplus water is 


on over the weir. . The n masonry is of rough rubble basalt, Bouts 


uarried in the vicinity, the ‘face stones being squared. 
‘The mortar is made in the proportions of two to one of sand and im- 
orted Portland | cement. — The receiving chamber is « covered with a 
trap door securely bolted to the 
ae settling basin i is s located 1 000 ft. below the diverting ° weir. It 
a. ‘consists of a masonry basin 50 ft. t. long | by 8 ft. in width, having an 
average depth of 6 ft. ‘The water enters at ‘the: end, flows the length 
of the basin, 1 where, after er passing through duplicate screens and ov: - ie; 
a measuring weir, it enters the e pipe line, which continues uninterrup-— 


to the city reservoir. ir. The masonry is of same general cl char- 


in. mortar, with two coats: 
F aed sereens are of No. 12 sheet brass, perforated with }- in. holes, ie 


amed with t two 1 -in. angle irons, and rest in channel iro n guides : 8 


the menenay. ‘They are handled by means of a block and tackle 
hung from a traveler. _ The measuring weir is of iron plate, has con- 


‘water passing the in hours are indicated « on & graduated brass 


‘seale 1 mounted onan an iron pedestal. The index rises a1 and falls ‘with 
copper float operating in a onan, pipe set in the wall of of the basin, and ae 


tractions ms and i is provic ided with a weir gauge by which the gallons o of 


‘communicating by means of a pipe with the water bev ‘below the screens aa 


and above the weir, The entire s settling basin i is : enclosed in: in a acorru- 
oes iron-covered structure. This basin reduces the velocity < of flow a 


to a rate that results in the precipitation of all heavy matter, and the 
ns stop all leaves, m moss s and fir needles _with which the water in 
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0 
is usually accomplished with a of faquare packing 
the 
- season in order to maintain a full flow i in the pipe line line. Provisio 


is made for flushing out the from the 4 and for dischar rg- 


ing the surplus waters through an OV verflow | pipe when the screens be- 
clogged, ora sudden rise occurs in the stream. management 
of work on diverting weir and settling on the 
Pa 


whole, s so that a statement of the | ‘cost would have no 


-in. wood-stave pipe, | 3 miles of 16-in. and 1 mile of 14-in. riveted 
Stee pipe. _ The ‘author was influenced to recommen d the use of 


these materials instead of cast | iron by econom mic mo tives, involving 


the consideration of many points, beside the question of Sent: cost ; 
7 and ‘the wood instead of steel for a variety of reasons, some of ‘which 


regard for proper conditions, o on the contrary, he has no that 
life of wood- stave pipe much in of that of light gauge 

steel. at the beginning, 


ad far more re likely to remain in practically constant. “Its s transportation 


over rough ‘roads i is ‘much e easier, and the sa saving in first cost is very 
great. 7 Tn this: case the saving | in first cost over a similar size at No. 


ti? 
12 steel was and nearly 50% over one of “equivalent carr 


, on 


is oquin alent carrying capacity, will be be largely ‘mereased in in the he course 


- years can “scarcely be doubted. The cost of any other ate a 
a4 would i in this case have left no choice with the ¢ city but to build a line 


ott much less capacity. The use of the stave pipe will be seen later to ve. 
have materially influenced the on and details ot the location. 

ae _ Location. —As high a line was located as possible, by 


the divide between the tributa aries of the Columbia and me 8 River, 
avoiding heavy pressures. ‘The exceeding brokenness of the 


ves some idea of the | character of the the country trav- 
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14,000 
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veers 


depressions, tally 35% 


ve on @ map 


‘method was but unavoidable in n securing ga line, 
4 since the entire distance is through | forest, windfall and undergrowth ‘ 

| of such density as only those familiar with the Pacific Northw est can 


form any conception of. Here an instrumentman may consider him- 
- self fortunete i in finding : a place where he can see 25 ft. ohend without — i 
and the st himself to be on fallen logs rest- 


sends him down 10 


dine a day with a fully equipped — 


is excellent Progress. The 


a tion was well: repaid by a » savin ing 
ofa about 1 mile i in distance over a 
very good preliminary. In this: 
bes connection it may be interesting 


to nol note that though the country 


is sox rough, the actual length of 
completed pipe is but 0. 6% 
longer than horizontal -measure-— 


ment. of the most a annoying 
of the location was the tad 


difficulty ex experienced i in 
© — land connections w ons with sufficient accurac y y for the writi ing ng of deeds for 
_ ‘Tights of way, since much of the country traversed has ‘been | laid out ‘into — ; 


boom- -city additions, y with lots of 25-ft. frontage, t the Ww e work having usually 
a _ been d done i in the offic office, without ‘much r regard for even. ‘cor rrect external a 
boundaries, which were found i in the field in almost every case to = een-— — 


tirely at v variance with the recorded | plats. 7 Many of these additions had i 
all over the country, entailing the greatest diffi difficulty 


securing a satisfactory adjustment right- of- -way matters. By refer- 


= ence to the profile, it will be seen that the location of the 


4 


a ay line was staked from a pa 
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pipe is so made with reference t to nite hydraulic grade line that at aes Fg 
vals the tw 0 approach near enough to panel the use of open stand- pipes be 
, (Fig. 2) at these points, while the intervening sections are kept at a lower ~ 
5 ‘elevation, caus causing the pipe to be alw rays full ot water, regardless of the 
quantity flowing, thus realizing | the chief essential to long life in neta 
pipe. At only ane to. to apply t this 


and there the same end is attained by an 18-in. stop gate. By 
partially closing this when the pipe is carrying less than a full supply, 


| hydraulic gradient is raised and the preceding summits filled. 
= of over-pressure on the pipe by reckless closing of th 
a anger of over-pressure on the pipe y reckless closing of the gate is 
-_ entirely removed by the the presence on a preceding s summit of an open 2 
stand- -pipe. Three hundred feet i the minimum length of radius 
on on horizontal curves, though 60 ft. is frequently employed for vere 7 
Pr essures. —The ‘maximum pressure adopted for the pipe was 
150 ft., though this has been. exceeded at one point for a few 
ES feet, a pressure of 172 ft. being attained. , This limit was decided | on nel 5 
not because the stave pipe e cannot be x made to withstand safely a 2 a some- ty 
what greater pressure, but because the author did not wish to depart 
unnecessarily from conservative practice, | and because this was esti, 


mated to be about the of equilibrium i in cost between the 18-i in. 
= and the ‘16-in. No. 12 steel pipe. The latter was used up to a 
: pressure of 295 ft. | ft. head, ona | No. 10 — for all in excess, reaching a 
Broken Gradient.—In ‘securing | the deliv ery of the > amount of of water _ ae 
upon, about 4 000 000 galls. in 24 hours, the author 
adopted the 18-in. diameter for the wood and the 16-in. for the steel, — : Sea 
ond: the incidental broken gradient, in preference to a pipe of uniform be 
diameter, ‘Decause of the great | advantage resulting from being able to es 
use @ man on the inside of the stave pipe in the process of building ; 18 a : 


‘ins. i is about the minimum diameter that can be so handled. ‘The - 


vantage | consists in the more rounding out of the pipe to 


a ‘Tight of f way and | by ‘Special arrangement | with the ) property- owners, 
p< the timber and brush | were cut for a width of 60 ft. 3 and a 16-ft. road 


= ow ith a ‘a maximum g grade of 10 ft. in 100 was s graded out to the « corporate 


| — 
— 
— 
ge 
it 

|i 
— 

— 

— 


a limits of ‘the city, a Sistenee of 44 miles from the reservoir icon 


limit made but 20 ft. in width, and “only 


method entailed much annoyance, difficulty ena expense in 


the road passable after the: trench was opened, since much unexpected mel 


: ‘delay i in the securing of materials made it impossible to have them de . 


livered ahead of the trenching. Any other in such 
country was well- -nigh impracticable, however, and would have en- 


tailed greater e expense than that involved in the plan as carried out. 


trenc ches were staked out f for a bottom width of ft. for the 


q 


.ceous shale, 


‘than for for filling, w was as very Shoring was: necessary 

but few places, and at these ye eut on the ground answered the 


This work was a post « of that undertaken by the contracting firm 


failure of which has already been mentioned, , and under its man- 
agement the road work, clearing, g and -four ths 


Cost. —The contract. ot prices w were $60 


eubic yard for trenching, including back- filling. 
No especial interest attaches to the actual cost of thie w 


‘Teason ¢ of absolutely incompetent destroying a any value 
th e figures might otherwise is sufficient to say that 


— 
— 
for the delivery of materials and for the trenching. To avoid heavy 
— in securing suitable grades for the road, all possible advantage _ 
— Le was taken of the elevations of the ground for the entire width of the = 
— (4 right of way, 60 ft. inside and 33 ft. outside the city limits, the pipe- __ 
— 
‘val 
afew sharp points. For the steel pipe, the bottom width was made = 
— @ foot in excess of the diameter of the pipe, and in all cases the top 
0 Luxe _ width was made uniformly 1 ft. greater than the bottom. The mate- _ » 
excavated was generally a yellow clay and 
readily moved with mattock and shovel, with occasional short stretches 
ae ute ae. of very soft sandstone requiring the use of some powder to shake oe 
‘ 
an acre for Clearing, Lor 
cents per vard tor road grading. and 17 cents per \ 


_ per acre on a basis of $1 60 per day for labor, while in the trench the 


ay. The ex experience 


le firm a most forcible example of what 

efficient management can do, though working at low Speien: and under 

most unfavorable | conditions. - Commencing in 1 October at the begi 


ning o ee rainy season, and working much of the time in the mud 


and rain, this trenching and back-filling was completed at a cost of 1 
cents per cubic yard with labor at an average price o of $1 69 69 per d day, q 
including foreman, ne nearly 10 yards being moved by each man daily. 


“This: cost would have been considerably diminished had there not 
‘much finishing wor 


sce 


employed, and they must be thick < enough to prevent undesirable per- 


colation ‘through them. ‘The bands must we of such size that when 


apeeed to secure the desired factor of safety against rupture, there 


structive “crushing. of the fiber beneath the While 
these conditions, the ‘proportion between the thickness of the staves 
and of the bands must be such that the 


fir. This ‘been used before for a similar purpoee, , but ‘the author 


believes that in each case a much thicker stave , was employed. — . For the 


_ Astoria work, the staves were run from 2 x 6-in. stuff with a finished — 


thickness of Wi ins., and twelve staves completed the circle. ~ Lumber 


free from knots, s, pitch seams: and other defects was specified, 
. " and t the difficulty experienced in meeting t the requirements, ‘especially 
"regarding pitch seams, ‘may be understood from the fact that not 


over 20% of the sawed from selected logs passed final i inspec- 


ves. The outcome was a lot of lumber as near] 


in excess of the contract prices. For instance, 
the cost was the ont ften amounted to fully $300 — 
8 yards ad 
men did not average more than 7 or 8 
— 
2 
= 
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approach perfection as it is believed has ever been turned even 


ae the Pacific Northwest. The ashore was about three months from 
~ the log when the staves were run, and an allowance of about 2% was 


made in the width of the staves to allow for seasoning previous to ae 


building ‘and for compression in the process of cinching. Staves were 
yun in lots of about 100 000 ft., B. M., , as needed, an and formed into the an, 


pipe with 6 ins. of dirt over it as soon as. possible. ¢ They varied in 
length from 12 to 24 ‘ft., and, not over 20% were] less than 14 ft. in length. 


‘They were r run with faces true to the circular form of the pipe, with — 
edges on r on radial lines and a a slight projection or bead along t the the center 


x 


line of one edge. 4a For opt to 80 ft. head, no special |attention 
was paid to the character of the grain, whether slash grain, , edge or 4 
quarter | sawed; but for all greater: pressures, while no increase was 
i in the thickness, only slash- -grain staves were used. T This action 
the « outgrow th of observations made on an experimental section. 


Then put under a pressure of 40 Tbs. and allowed to remain 


days, 8, with a an occasional in increase e by means of a a pump to 120 me, a few 


- through the them ‘at 40 40 Tbs. . pressure, and a considerable leakage at 120 


Ibs. ‘The sclecting of of the slash-grain stay es entailed practically no 


additional expense, it t being attended to when loading at rharf for 


ee Banis. —With staves of this character and bands ain for a factor 


7 
of safety of about four, it was "determined that a a tein. round band of | 


‘b one mild steel upset to 4 in. would properly meet the requirements re- 
garding crushing under bands and flexure in the staves. 


were used. Steel was specified of a tensile strength of 


Elastic limit. Ultimate strength. Elongation in Reduction 
Poundsper | Poundsper | © Sins. ares. 
square inch, =. Percentage. | Percentage. 


— 
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— 8 ins., and capable of being mary of 58s 
Ibs. ; an elong without fracture. 
‘and hammered flat wi 


broken 


ree band, before being sent to the work, was 5 carefully c 


ss of pipe showing any tendency to 


and i in the accomplishment of this result only one lot of about es, 
6 000 failed to come me! to requirements and was recoated. . The author — ‘s 


er been able to understand the reason for the difficulty so often — 


rted from the East, in securing ¢ an asphalt coating on iron of ‘such a 

temper as to resist shock, ,and still not rub off in careful handling. oy 
i Clips an and Shoes.—The tongues | used in making the butt joints were re : 


of No. 12 B. ie  G. steel, hi ins. in width and about ay i in. longer than e): 
the width « of the s stave where inserted ; they w were subjected to the kala- see 
4 
Mig 
The saddles or chow of the type known as the Allen ‘patent, 
are made of cast a of quality, bees 10 


_ Strain Srom Swelling of Staves. ae the he last of the require- 


ments for the design of wood- stave pipe, that the bands be 
the swelling of the wood, the author is indebted wal 


D. ©. Am. Soe. C. manager of the Excelsior Wooden 


Pi i , Company, contractor for this work, for the solution of this mat- ay 


Henny has recent ted some experiments with 


ingenious appliances along this line which are of unusual interest. a 


‘The i in 1 actual measurement of the 


‘induc pipe by the swelling of the 


For thie’ purpose an ingenious device was designed by Mr. shove Behr, 


mechanical engineer of San . It consists primarily of a 
very stiff steel ‘spring, “resembling a large tuning fork, as shown 
Plate 1, Fig. i hole is bored through both prongs fork o near 
sits base, , through which the end of the band panes after circling the 

Pipe, the the nut being then firmly screwed down. AN very sl ight | com- 

pressing together of the two prongs either by tightening the nut 

or by the SW welling of the staves, is magnified at the end of the fork, 


} 
— 
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to an index hand revolving on an are. 


=a stave ] pipe built of kiln-dried yellow fir staves 13 it ins. .. thick, each 1 seo 
7 tion being 18 ins. in diameter and 12 ins. s. long, banded with }-in. é 


pound bands, were 2 conducted in the following manner and with the a 


bruary 27th, a strain of 4 750 lbs. was applied and the y 
. The following | strains were recorded on succeeding hae 


ist. 4th. March 7th. “March 9th. March 12th. 


7 es. The final strain maintained between the staves was 153 Ibs. : 
No. 2. The heed wi was loosened to the et strain indicated and i immers 
again with the following results : 
“March 12th. March 18th. March 2ist. March 26th a 
The final strain maintained between the staves wa as 94 lbs. per ‘square ' 


No. 3. The band was again the strain indicated : 


e final strain maintained betw een tl the staves was 74 Ibs. per si square 


inch of contact, The vighed 18 Ibs. dry and 273 ‘Ibs. after th Tee 


o. 1. The band was first up t a tension of 5 
TA then he om indicated, and the pipe finally i immersed: 
16th. 17th. Apr. 20th. 24th, Apr. 
‘Strain, Ibs... 450 40 1 900 2000 1975 
a ‘May Ist. May 4th. May 7th. May 10th. May 13th. ~~ 17th. Es 
' Strain, Ths Ibs. 18 1 900 1800 600 «=61600 


‘Tho final final n maintained betw ween the staves was 97 lbs. per r square 


— heavy presse ion at the point of applying hed, the deflection 
— slight deflection hich the spring is attached, 
— 
— 
— we 4 immersed 
4 
— 
— 
— 
— 
— 
— 
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— 
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inch of contact. The sfaves width 28 Ibs. when the « experiment w 


_ finished, and 20. 8 Ibs. after being kiln dried subsequently. ‘pal roe 


These results present an interesting study, but, without enlarging 


' on all they set forth, * is plainly shown that the maximum com- a 


pressive e strain the wood can resist. permanently is not n much i h in ex excess 
of 150 per inch. ‘This the pressure between he 


“staves must considerably exceed the internal pressure tending to force 7 
apart in order to maintain a tight joint, ‘demonstrates conelus-— 


ively the limit of safe in wooden pipe construction to 
ittle ‘if any in exce excess of 100 Ibs. ‘per square inch under the most pe ue 


vorable conditions with this class of timber. also show that 
when the initial strain very small the swelling of the s staves alone 


is: capable. of developing a , temporary: strain about 125 Ibs. per 
_ Square inch, a + iat which will readily a account for the frequent burst-— 


ing 0 of built 1 with thick ‘staves, and sr small factors of safety. It 


Sa will also be observed that, while the pr pressure is largely self- adjusting, Py fa 


we 


¥ nether a large initial strain is applied i in back cinching before fillin g ta 
or the bands: but lightly cinched, the former practice seems to insure 
a somewhat g reater permanent pressure: between the staves and a 
respondingly tighter pipe. So far as these results influence the spac- 
ing of bands in pipe construction, they need. only be regarded when 


4, 


with low heads and wi wide “Spacing, t the strains then arising 


from this source being larger relatively to the bursting pressure due 
to water head than under any other conditions. In close spacing, the cr 
strain from this. source falls, of course, below that that ordinarily allowed 
The band spacing employ ed was as follows: 
0,of bands | Spacingin || o, of bands| Spacivgin 
ead in feet, per 100 ft, | inches. fn fet, per loft. | inches, 4 
282 
343 
356 
3170 
400 
418 
457 


| 
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 Ganatrention. —J. D. Schuyler, M. Am. Soc? C. E., has so fully de- | 7 
scribed the general of this class of pipe in his 


practice; to pass unless fully driven » home; 

bands, shoes and nuts were repainted with asphalt or paratiin paint 

immediately before covering; back-cinching followed erection on the 4 
following day, and ‘back- filling to a depth of 6 ins. over pipe as soon 
an ;. ‘after as possible all openings in 1 the ‘pipe over 4 ins. in diameter, a 
beside the 4- -in, open stand-pipes, were made with special castings and ; 
oakum joints 7 ins. in depth, while were made by a 


- bolting on saddles over lead ¢ gaskets, and | placing ‘two bands over the 


Since it i is a matter of the utmost ' the success of this 
Sy class of work that it be not undertaken bys an: inexper erienced ¢ contractor, 
ee the specifications excluded th the bids” of all parti ies not able to submit 
satisfactory evidence o of their skill and experience yin the construction 


stave pip : ry ressures, Proposals were inv. ‘ited, and pay- 


ment made on ae beste of ‘pounds es steel used i in the bands and feet — 
board, measure used in the staves, es, the p price » paid for these items repre- m4 


senting compensation in full for all expenses inv volved in supply ing 
om: materials and the erection of the pipe complete, ex exclusive of 
fixtures, and the back- filling to a depth of 6 ims. over the pipe. The 

contract was awarded to the Excelsior Wooden Pipe Company, of in 


_ Francisco; and to the large experience and hearty co- operation of the aa 
_ company’ s efficient manager, D. C. Henny, M. Am. Soc. C. E., is due 2 


inno email degree the unqualified success of the pipe-laying. 
oom ommenced in the latter part of July under some disadvantages, 


by aggressive and capable: management t the w work was was hurr ed 

bate cy to completion i in October before the heavy rains had set in. - 

Tightness. .—A test for tightness was made of the upper 24 miles of 


_ this line shortly after the water ‘was first turned in. This gave results — 
which the author be believes have never been surpassed i in any other ar pipe : 


be construction of any any class. ‘The p pipe was filled from the head works, 


and, the gate at the lower end of the section being ¢ closed, the water rose 


sds passed off ‘through the overflow from | the stand- -pipe immediately 


Wp 
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s not. absolutely tight, ‘bat t permitted the p passage of a ittle trickling 
stream, not exceeding, perhaps, 1 quart in a minute. } The ‘assistant: Es 
engineer in charge of the work was much surprised on the following a 


day to observe this s same little teithiing stream, apparently undimin- 
ished i in 1 quantity, passing ‘through t the waste p pipe at the end of the an 
line. The ) pipe, , contrary to the usual l experience with stave ave pipe, was ae 


y tight from the beginning, which condition the author largely ty 


, and the p probable absorption 
moisture from the damp back- ailing. This ‘Particular plese of 


e steel 


Steel in bands 4.8 pound ; 


“me m $35 40 per M. av spacing of t the 


‘The whole amount of the contract was $36 100, and the total rea 


ia -_ The actual cost of the work the author does not feel at liberty to 
give by reason of the large personal interest of certain contractors being = ad i 
closely allied | thereto. The distribution of the cost was as follows: 
> Building a and placing mete, 55%; back- -cinching, 26% ; repainting ir ron 
work, 39%; back-filling to depth of 6 ins. dated pipe, 8. T5965 placing . 
, ee 3. 5%; placing air valve, 0.75%; unclassified labor, 3 per cent. Lys 
‘The rate of wages” paid for for 10 hours was" $175 for common labor _ 


“and an average of $2 71 for foremen. en, It is presumable that the con- 


tract a rofit of from 123 to 15 per cent. 


facture of the riveted steel pipe were the same as ser the bands: 


a of the stave pipe, with the exception that: the test pieces were to be $x _ 


ins., , and it was to be made by the open- -hearth ‘process. 


Manufacture.—The sheets were 4 ft. in Alternate large 
‘small courses were used, the sma 


diameter of the pipe. ‘The last last courses” constituting a a 
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at the beginning, it was expended to the size nr a large course at the = 
end. . The addition of this ‘course ‘was a concession made to the a 


_ tractor i in order to constitute a saving in lead, the e specifications requir-— ‘ 


a large course at each end, and the addition of t owe ; making 
7 
the sections too long fer convenient handling « or ing. In reality, 


ion between them in the trench when using | this conical course, 

oe of the more frequent necessity for cutting pipe in in re 

.— All straight | seams were double. riveted, and round ‘seams 

single riveted, the se seams being: proportioned after Professor Kenneday’s 


about the union of pany seams only, while the the 


No. 10 sheets wane beveled, and all seams calked with pneumatic 
4 Each length of pipe ye was required to pass through the testing 
_ machine, and to be tight under the following pressures: 14-in. pipe | of — 


No. steel, 200 Ibs. per equate inch; 16. in. pipe of No. 12 steel, 
4 Ibs. per square inch; 16-in. pipe of No. 10 steel, 230 Ibs . per squi square inch. 


oa The author had some d doubt as to the possibility of of making eee 


pipe of such! h light steel pes perfectly ¢ tight} before dipping, under the pr press ae 


ures specified, and the manufacturers | objected. most strenuously to 


In practice it found by putting every piece through 
the test, all spurting streams could be | eliminated. Mere dropping 


Was not regarded as serious in view of the coating still to os applied, a 


=e could not be wholly prevented. By strict com- 
pliance ork 


After test, the pipes were subjected to to an asphalt bath applied u under 

the customary y conditions, and a most satisfactory y coating was secured. 

By actual experiment it was found, after a very leaky pipe was coated, 

ite it could not be made to leak under any pressure short of bursting. — ri. 


Joints. —The joints were ‘made. by the use of welded ‘iron sleeves 
in. in thickness, 6i ins, in ‘width, and having : a lead space of: ‘about 

fin in. A reinforcing thim thimble of No. 8 steel, 8 ins. in width, 
4 serted omni its width at the shop and riveted i in n one end of. each p pipe. - 
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- Oakum was tei used to fill the crack at the junction of abutting pipe, 

4 none being used i in th the joint pr roper, t the he annular space being run en- 


a Cost. —Nothing of “special interest attaches to the laying of this 
; pipe, and by reason of inefficient management, coupled with much - - 


Mee 
“rainy weather, the cost to the contractor just about equaled the price 
4 "received, which included laying and back- -filling 6 ins. over the pipe. 


‘The price per foot paid by the city and the cost of of the pipe to the con : 


tractor at the wharf were as follows: 
Contract pric, Cost of pipe to contractor. 


pipe the blow-o offs: are a 6 ins., and iil 


smaller sizes, 8, 4ins, in in size. ‘They are pr prov ided with 1 flanged gates 


and tangential connections, and are riveted to the steel pipes, while 


t 
special castings are used for the stave af 
‘Overflow Waste. —A simple combination of stop gate e with a relief 


overflow and st stand- -pipe is is located on « certain summits, | by n means of ms 
the water ¢ can ad par tially or wholly turned off without i in any 


way interrupting the continuity y of the flow in that pest of the line 


pressure an impoenibility. height of the “hydraulic “gradient i is 


also rendered ‘adjustable within certain limits, whereby. the stave pipe 


“may be kept filled at all stages of flow. The stand-pipe also serves 
to admit or ‘release air from the summit on which it is located, as may A ip 


be required. An air valve connects with the pipe below the stop 
a gates, for the purpose of admitting | air when the water is drawn off 

‘while the gate is closed, as shown in Fig. 

Valves. —The air valves are the Thomas W 


Brooks, of San Francisco, and have been but recently brought into 7 
‘The author desires to testify to ‘their satisfactory performance. 


‘They are made with two types of of interchangeable v valves ; one is a 
wooden ball with vulcanized rubber and the is a me- 
q tallic valve having a concave lower surface. ‘They remain open by 


their own until closed by the internal pressure; and are in- 
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require practically 1 no the water 1 may ay be turned i 


of the pipe line with and without fear of interruption — 
from air air, either from within or without. - An An angle valve ¢ operated by | 


provides for the release of ‘any air ‘accumulating while the line is" 


in ‘operation. The : air valves have been arranged in in groups s of several : 


of small size of fone of large siz size, and areso manta a 


Open stand-] ‘Pipes are used i in bi es where prac- 


‘Suitable enisholen of brick masonry, with wooden covers well fast- 


ened on on, | are are built over all air valves, blow. -offs and stop p gates, 


pipe The measurement was made in 


at its close. results i in the two showed a rate of 


~ inflow. _ The results computed from the total inflow were as follows: 


Volume inflow i in 18 hours..... 


Add for loss by reservoir percolation 13 560 
of line j in 24 hours... 4116 458 


"which assumption is, of course, not strictly correct, but: the error is 

small that its s practical importance is nil. The rat rate of delivery 
ised the Commission was 4 000 000 galls., the ‘amount made the basis j 
eale calculation was 4 050 000. The e excess of delivery o over the amount 4 


assumed it in computation is is about 1. 6 cunt. 


until the i indicated fow over thes weir and into pipe was at 


a uniform : rate i in 24 hours of 326 690 galls., , less a percentage of e: error in 


kes possible the removal of any of 
Capacity of the Pipe Line.—Just prev 
the leakage in the reserv¢ 
delivering capacity of thd 
capacity “Ubservarions Were 
ie the reservoir, it being empty av the Deginniug. — 
| 
— 
— 3 077.170 galls 
| 
— 
— 
— a 


The rate of nun at the lower end of the pipe line, after a a lapse | ot 


ufficient | time for the water to attain its uniform minimum m flow, wb 
e gate w ‘The + 


determined by me measuring ng it in steel tank in the gate well. 


results were sect were secured 


Depth of water... 


Time of filling, in minutes... 19. 18 10 
Rate of inflow in 24 hours 540 40 galls. 660 galls. 


gates of tank...... 410 


view ‘the that on a section thew stave 
ipe when first filled showed it to be entirely | tight, and that it has 
been ‘necessary to correct quite a number of leaky lead joints on the 
ipe, even in places the ipo was put pressure and 


8 steel pi 
made en entirely tight before covering, : as was the case with almost all of 
it, it is believed that this loss must be accounted for by the he existence fan 


i. of leaks. of some magnitude in these lead joints, which the ss 


dition of the g ground at this season o of the year has prev vented being y y ret 


discovered. However the percentage ¢ of Joss i is believed at present 

bees then j is usually o obtained i in lines of similar length. 


Determination oy of Fr ictional Loss in Pipe Line. of 


eae stand- I-pipes on the line afforded an excellent opportunity f for tl ae 


elem determination of | the loss of head between them. 3 The follow- 
ing observa ations were made when e line was discharging its full capa- 


city, 6 369 cu. ft. second. 


4 height \Blevation, com- Fall per1000 


in stand- puted, 
Steel. 


56 
16416. 
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are all the have been up to at 
* present time, with t the exception of of an sn attempted d determination cid 
- the fall i in the hydraulic grade line between the settling basin and the 4 
stand. -pipe at station 540. was a ‘verification of ‘ob- 


at basin. It will be noticed that the fall used on hydraulic 
dine i in construction was 31 ft. per 1 000 for the stave pipe, and 5 ft. per ul 
1.000 on the r riveted steel pipe. - The almost exact coincidence between 


these figures and those actually assumed by the flow in the pipe i is cer- 


tainly remarkable, especially i ine pipe line so frequently y compounded 
— and where curvature i is so freely 1 used. The differences between actual 


and computed heights of water in the stand-pipes will be seen to vary ‘vy 


7 from 0.04 to 0. 22 ft., differences which are quite within the range of 


probable en error win overage lev el work . It will also be noticed that the 


r greatest v variation, 0. 22 ft., occurs at station 144.25 after the water has k 


. passed from the prev ious stand-pipe through four different sections of 


18-in. stave | pipe and three sections of the 16-i in. . steel, in all aggregat- a 


ing about 7 miles. The actual frictional head per 1 000 ft. in thestave 


pipe is is seen 1. tt. In determining the ‘loss of head 
“ 


Substituting these re in the Chezy formula for the stave pipe, 
e= = 132.88, from which the value of the frictional 


coefficient n ‘of the ‘Kutter formula for c is deduced to be about 


4.584 = 12 2.3 n 0. 0111. x 


will not fail advantage in small frie- 


tional loss possessed by the stave ] pipe over the steel, and to observe 
. that th the value of 0.010 for n, used by many engineers in dealing with 


stave pipe, is here found to be practically correct. 


a The author commends the result obtained from the steel tothe con- ps ; 


sideration of those engineers who 0 advocate tremendous allowances for — 
friction i in pipe of this character ‘compared with those for cast-iron 


pipe ; as whole, the ‘results obtained, to the 
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capacity of gravity pipe lines may be accounted for by failure t 


up and down hill travel, and i not the alternative o of heavy 


"pressures and proportionally increased cost incident to more uniform 
E grades on valley routes. — That iat the present ¢ discharging capacity ¢ of fthe 

steel pipe will remain constant through a period of many y years al 


author does not e expect, while the almost perfect condition « of the inside 
surface of the wrought-ir iron ‘Pipe taken up from Pipe line, 


after carrying Bear 


will be no ver y serious falling off. 


e eservoir has a capacity to to ‘the level of the overflow of 
250 000 galls. ' and has a depth of 17.4 adh to ‘the: flow li line and 20 me. 


to the: top ‘of the parapet wall. The general shape isthat of the hill 
on which it was built. The e embankment is quite uniformly about 5 5 
ft in height o - the inner slope, anneyhs at one point where it it is 15 ft. * 
Md 


height. : The remainder is in excavation. : The top of the bank is s about 


ay 


7 


ft. i inv width; and varies from Oto 3 35 ft. in n height above the toe of 


on outer slope. Both inner and outer slopes: were intended to be 2 to 


1, but the disposal of a considerable qu: quantity of surplus x material ~ 


the outer slope i in places s somewhat steeper tl than this. 

—The materials in w hich the was 1s made con- 

sisted of much black indurated clay, and a fine grained sai sand mixed 


clay, which in places approached soft in ch character. 
material was and was in n excellent, condition 


matter was first iiliveds ‘and care taken to secure a proper bond be ae 
the natural ground and the made earth. The banks were carried 


up in layers 6 ins. in ‘thickness, and were thoroughly rolled with a te) 


3000. Ibs. to the lineal foot. On nn er slope 


rp d li nes, the = 


r su was very truly to the desired 


after- filling being necessary. The price ‘paid for the 
cents per ‘cubic yard, included the | clearing of the site, previously 


= 


| 
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The cost to th the contractor, 16. 9 ee was needlessly large, as the haul — 


made unnecessarily long during much of the work, and a searcity 


of ready cash made it difficult for the -ontractor to get id of 


reservoir is lined 6 of concrete laid 


with expansion joints, ¢ in. in. . of cement mortar, one coat of liquid asphalt, = 
. and one > asphalt coat of harder consistency. The slope lining consists | a 


a of 6 ins. of concrete laid with expansion. joints, ‘one coat of asphalt, an 


- ishing on of brick laid fist after dipping in hot asphalt, and a final a 


Iti is surmounted a -in. course of coping shone, on which is 


"erected a an iron on picket fence 5 ft. in 


General Design.- _—In the design of this reservoir the en- 


deavo ored to secure a lining which would at a ‘reasonable cost st fulfil the 


over slight local settlements; if it did break down thein impervious sur- 


should bend down not break. Tt should not crack from expan- 
t if it did erack, no leakage should oce 


should be finally, it should be practically water- tight. 
adopted i is believed to meet all these The 


ofe coarse underdrained and ‘then coating it ‘it it with asphalt; 


proves ed sufficient for the p “pur pose, some ne of them especially = 


as s expedients ‘where large results were required from small = 


but he feels that that the lining for the work more 


., First coat asphalt 0.649.... 0. 01005, j Cement mortar finish 
Brick in asphalt seeves . 0 08886 | First coat asphalt 0.537 ............ + 
Second coat 0.851............ 0.01307 | Second coat 0. 573... 
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The concrete is composed of rock, 2} ins. 
in maximum ‘size, quarried and crushed near the works. Columbia 
‘River gravel, a very me fine black gravel containing much <i 
sand; fine sharp sand, and imported Portland cement. ( One ¢ + 


_ yard of concrete contained 0.9 oa. ya. of crushed rock, 0.5 cu. scl _ 

gravel, 0.1 eu, yd. _ of sand, and one barrel of cement. inane. 2 


All mixing was ¢ done by hand on movable platforms in eu. yd. 

batches. Three gangs were usually employed, each six mixers, 


: ~<a ho 0 also placed the concrete for the two men engaged i in finishing ¢ aie 


tei _ The coarser rock were raked forward and down, leaving the — 


o finer material at the surface, and a Jong: straight edge was used i in secur- 


ing a ‘uniform surface. All three gangs were served by n nine wheel- 


barrows, five handling rock; three sand and gravel, and one, cement. a =u 


ht helper s at the cement, , one man tending water, one sprinkling con- = 


crete already laid, ‘and the water boy, made up up the concrete force. ‘The 
_ sand, gravel and cement being first thoroughly m mixed, water was then i: 


added, mixed and spread, and the wet stone added. It was then 


the mixing platforms, — ‘and once more when pS 


“deposited. On the slopes a a rough finishing coat was iti as soon ee 
as the batch was in | place, by the application with a , shovel of a little , “ 


ar taken from the “next very good surface, ‘smooth ‘and 


dete oni m stones was ae secured for the laying of the brick, w hile ae 


roughness of the surface gave ‘the asphalt coat very 


the bottom, ‘the in. coat of cement mortar was ap- 
)lied as fast as the concrete was s placed by two finishers u woing smoothing = 


rowels, who were served by four men mixing and carrying. | The mortar 


Was mixed all the proportions of two to one of fine ates and coment. 


Inall conerete work no more water was used than was necessary to mix 
properly, only a very ‘Tittle showin, 


hen the ground: was hot anc 
advance of the. concreting. On the slopes the conerete was 


sheets 10 ‘ft. vide, extending up an and down the slopes. On the bottom 


it was placed i in squares measuring 20 ft. 01 on a aside. ‘These | boundaries 


were maintained when placing concrete by means sof a a2x -in. plank, 


with a beveled -in, ordinary “weather boarding, 
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reservoir during’ the progress of the conerete 


was very noticeable durmg warm weather, espec jally in the 
hb the cool early morning they were much dopremed, while. 


in the heat of mid- -day they presented the appearance of ridges” 
clear across the ‘Teservoir, the amplitude of the motion 


being i in many cases fully - $i in. “4 Observations made by the author o 


large concrete-lined reserv oir, ‘recently, built without any provision 


for expansion and contraction, in which cracks had formed ‘up an 
down the slope for a distance of ‘several hundred feet at remarkably 


“uniform | intervals of about 25 ft. leads him to think about 20 ft. a asuit- 


able maximum spacing for expansion joints in concrete laid in this 


climate. reason of its superior elasticity | the author considers the 
use of pure asphalt of medium hai ; ch superior to any y mixt- Ai 


chs 


ure of asphalt and sand for this purpose, with suitable provision for 


ost wad Concrete. —There were 608. 3 cu. on m the 


4 


holding it on the slope, and doubts the a mastic 
- 


$2. 822 per yard of concrete. ‘The amount of ‘concrete oon the bottom 


=, the reservoir was 678.2 cu. y ds., ) ., and cost the contractor 30.674 per . 


materials, cement, which was by the city, cost 


« cubic 3 yard for labor and $1.! 923 for material, except © cement ; this was 


furnished city and | cost t $2. 641 | per yard of coner ete. The 
; , exclusive of cement. The total cost of — 

the coment anaes was $1. 126 per 100 sq. ft. That the work was well 


managed is apparent from. the fact that 1.84 cu. yds. of concrete was ‘a 


mixed and placed each day for each man employed. On the bottom ‘ 
é this was increased to: to 2.35 cu. yds. or of this char- 


OPEL 
ing. in width. After the concrete had thoroughly set, about two 
— 
— ing, i red, and it i i- 
—— : cation of the first coat of asphalt, the grooves were run full. There 
DO difficulty in removing the beveled strips, but some strips with 
vertical sides and an occasionally inverted beveled one proved exceed- 
arance of the 4 
— , led every 
— 
— 
— 
— 
— 
— 
gs 
— 
— 
— 
— 
eg 4 Bape“ instances where the labor account amounted to four times as much on ¥ oa 


work of a similar character but larger proportions, : For most of this — ak 


w work Italians were employed who were “experienced in concrete work. aaa ; 


The crushed rock was secured from a quarry located about 800 ft. from 


) 
reservoir, at shout the same level, and delivered on the work at a 


5 of 95.28 cents per cubic yard. The sand and gravel were dredged a 
“wenn the Columbia ‘River and delivered | by sub- contract at at the the wharf " 


t a cost of 86.59 cents pe per r cubic yard. 


Cem Cement. —The city purchased by o contract all the cement used on 
every pont of the work at a cost of | $2 % per barrel delivered at the - 


wharf, as “needed on the work. In all ‘about 3100 barrels were 


of which 1 558 went into the reservoir lining. Most of this was 


of a superior quality. Every ‘sixth barrel was tented for 
strength, with frequent. tests for blowing, and time of setting. Only 


_ seven barre barrels were rejected, these having deteriorated by exposure t to 


The Asphalt Work.- —The a: asphalt used in the work wi was all of the 
Alcatraz brand. > gradion worsen employed; the L (liquid), and XXX 


"(paving cement) . The first is natural liguid asphalt, and the s second 
is the product of refining ‘the natural rock asphalt with about 20% of “aa 


: the liquid as a fi flux x. Both grades : are now placed upon t the market i in oan 
‘barrels holding | about 400 Ibs. As sa ruleno asphalt was s applied to the ie. Dar 


concrete 1 until the latter had been in | place: fully two weeks, | and was 


dried on the surface, though some slight variation from this 
unav svoidable by res reason of the work being overtaken by the fall 
rains | before completion. On the bottom was first applied coat of 


L grade, which was follows by a coat t of the Xxx ‘paving ce cement. 


to creep, which a soft underlying coat always produces, and so often 


“mars srs the appearance of on reservoir ‘slopes. The author, after 
‘a considerable ex experience in ‘using - asphalt i in different way: ways as @ reser 

'linin is disposed to believe that an advanta es ossessed db 


= 
a soft ¢ coat over a j andes one, as a first application, is more re fancied 


than real. Ab the proper temperature, the harder grade , runs just aa 


ily, and enters all crevices as surely when applied, 


and if the be entirel ely dry and clean, a little: 
rough, it adheres more tena than the liquid. The i 
possessed by the latter first coat is that i if must b 
amp eu? will w where the other w will not. — 


Py ; x 
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ADAMS on ASTORIA WATER-WORKS. 
dust was carefully t from t the as it effectually 


_-vents any bond, and the asphalt was applied with mops. ‘made from 


twine used in local anes mops were served from 


peter asphalt fre from _ two large ke kettles holding ab about 3 000 Ibs. each ya 
in which it was melted and kept at proper temperature. he bricks 
on the slopes were about half vitrified and half common, the 


contractors being z disappointed at at the last moment in the delivery of 4 


— of the former. laid ‘they were submerged 


t asphalt, | and placed in ‘position on the slope | by 
‘means: of iron tongs. Sufficient asphalt always st streamed from the 1c 
brick to fill ‘entirely all. irregularities beneath it. A push joint: was 


made, much as when laying | brick | in cement nt mortar, but much more 


zo? manilely. For | the sake of close joints and consequent econom 


in the | use of the asphalt, it proved very important to aie th 


% temperature h high ¢ enough for the asphalt t to run like water, pan ere 
v the manner in w hich it should alw ays ‘be used to | secure the best — 
results. Common laborers could, w ith a little "practice, when well 
supplied with materials, readily lay an average of 2 300 bricks in 10 7S 


“hours. ‘The finished coat of asphalt followed as speedily after 


rita 


brick” laying as as possible, in order avoid delay from rain, as as the 
water standing in unfilled joints” dried out very slowly. In apply- 


this an was made to fill a ond this 
uld not be « done with hot t asphalt on a slope, a rich mastic of sand 


and asphalt was used. . This much improved the appearance of the a 


ork, as the brick were quite rough and somew vhat irregular i in , shape. 


the parapet .wall was also run ‘full of asphalt. A final smoothing was 


given the ‘finished surface by g going er the slopes’ with hot irons. 
h th l f the surf by thi 
ough the genera of the surface was by this 


a much improved, the author is rather loath to trust hot iron in the 


The conne connecting joint: between th the top of the lining and the base of q 


4 
common laborers on an asphalt surface. Unless mo most. care- 


a consid subbed time, there was a very noticeable sliding of ae } 


, anda closing ‘up of the joints, econ 


been used too cold on da ys windy to permit it being 


i 
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‘maintained As a openings were 7 

; _ produced be between t the brick lining and the wall at Mt the top « of the slope, 
which were re filled with mastic. vf The miata course of brick was pre- 
vented from sliding by being i 


Lag 


ing ome in proper shape for speedy drying, no especial d dittenlty F 
was experienced except with ¢ the brick. k. Although ‘they were housed z 


“tation, sufficient moisture was arently from ‘the air to 
re ppa y 


produce by evaporation small bubbles or blisters on the. surface when 
7 ‘dipped i in the hot asphalt. 7 No similar difficulty v was experienced with . 


brick 1 laid during the dry weather. TI his defect is one of f appearance 


yather than reality, andi is but temporary, as the steam 8 soon condenses 


the bubble » collapses. Although the adhesion between the brick 


covered 


‘the asphalt i is sometimes destroyed over the limited area 
by these bubbles, the effect is simply, to 0 permit these brick to becom: 
more quickly saturated than would otherwise be the ease. It must 


not be assumed, as has been so often stated, that : asphalt renders any- 


thing wholly impervious to water, is of itself impervi 
contrary it may be readily demonstrated by a simple rollers ae. 
brick and wecented will in time absorb as 
water as an uncoated one. ‘The advantag' ge of the asphalt: lies. in ite 


"retarding effect. on = the passage of water ; it does not exclude i it. 
Cost of —Tables Nos. 1 to 1, inclusive, showi ing the 


‘the phat work, are prepared it in a way that is ‘believed to make the 
ost of other similar work easily ‘determinable. In view of 


the intorent which the use of this material as a reservoir lining i is is very = 


creating among engineers, especially in the East, this presen- 


ation may 1 
tation may not be untimely, 
Tron Fence.—On top of coping which surmounts the perapet 


i is erected an iron fence 5 ft. in height, havi ing pickets in. 


= Qin ins. in 


— 

> 

order to secure the best results possible, all asphalt work should 

performed during the dry summer months. Such was the plan for 

far the Astoria work, but the delay in beginning carried the date of com- a _— ed 
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ft. in length, and at end each a a post picket extends 


ins. into the stone. Each post is braced from the. “face of of the wall, 
a the brace also having a tie fastening into the top at the wall, making 


three drilled holes 1 necennary The panels 


nee 
Works, of of Cleveland, ‘and was ‘erected by by under the super- 


vision of one of the assistant engineers, without a foreman, at a cost of 
aa _ $985 40 for a total length of 917.2 lin. a ft 


Aerating Fountain. At the center of reservoir isa 12. -in. entry 


pipe leading from a connection 1 with the | grav ity y conduit i in the ‘power 


house, and passing up through a concrete pedestal. 
little above the surface of the water in a brass fountain head, having © 
- about 300 holes, ranging in size from -* to Pe i in. in diameter, arranged 
in concentric Fings with the larger at t the je center, and 4 


not used for development of p pow er, and the: reserve head may 


be. used in the formation ¢ of an aerating fountain. ‘construction 
a was a natural consequence of having a reserve head for power dev elop- 


ment. It proved a very ornamental feature, and is expected to be 


a = 4 useful in securing aeration. end free circulation in n the water, which i is 


7 = necessarily heavily charged w with vegetable matter, and, when allowed _ 


to stand in a reservoir without circulation for a time in 
the summer, has developed very offensive equalities. on 
At the the foot of the fountain pedestal, in the 12- -in. - supply pipe, is | a 
a stop gate, and a double nozzle fire- hose ‘connection for the purpose of 


securing streams for cleaning out the reservoir. Hale 
Total Cost of Reservoir.—The total cost of the reservoir, | exclusive of | 


a iron fixtures, which are included in the cost of the gate and power 


house, is summarized in Table No. 8. 
OR Reservoir Leakage.—When first filled, carefal: were 


to determine the of leakage from the reservoir. The depth. 


of water was about 14 ft.;, the time ¢ elapsing between the observations — 
was 68 hour hours. As the air was in a state of saturation all the time there 


no occasion to make deductions for evaporation. . The rainfall 


— 
6 
by means of movable clips and | set screws, rendering possible 4 
e securing of perfect line and grade. 
4 ing perfect line and grade. All joints were made with lead 
| 
— 
- 
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_ record was taken from the reports of the local al signal: service. i The t re-_ 


= Total rainfall . 7384 cu. ft. 

Total quantity vee retained . 


Total leakage i in gallons i in hours... 18 568 3 galls. 


Total leakage in . gallons ; in 24 hours: per 1000 sq. ad of lining 


Assuming the absence of | evaporation, and that the rate leakage 


is uniform for all depths, it would require aterm of years for the reser- 


ae voir to to empty its itself in this way, since » the average » rainfall ‘is 75 ins. 


opportunity for s¢ sedimentation, the results: are A ‘second 


of similar nature, ‘mote a few days later, gave results 


For a new filled the first time, and with consequently 


There is is surplus in the he mile of steel pipe at of 


n wheels for the. operation an plant fn ‘he 
tion of the streets and public buildings, and for pumping a water sup- 

= ply to to the districts not capable of being supplied | directly b by gravity. = 


B uilding.. —The gate house for controlling the water at the: reser-— 


the lower : story w ith red wood, finished in the natural grain, and has 
three ee living ro rooms finished off "upstairs fo for the r residence of the keeper. 
‘Thee end enclosing the gs gate well is semi- -cireular i in form. ‘The building 
as a a whole presents a effect, which should be «1 credited to Mr. 
house meg may be re readily t from the plan (see Fig 3). 
a The water passes directly through th the e building to the fountain in a 
the reservoir. When t the power is utilized for work, the: fountain in 
cut out and the water discharged through the nozzles of either of the 


Pelton wheel wheels, tail water is conducted me length of the building» 


. 

| 

1 

= 

alt power house 1or the light and pulping plant have Deen 4 wf a 
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into the It will also. be noticed that is 
made for connecting - the suction of the ‘pump to be installed later 


- directly t to » the pipe under | the same pressure as ‘the nozzle posting 


the which is to. drive the pump, ‘thus aii by that 
amount the work necessary to be done in elevat ne 
of water, which will 1 never 200 000 00 galls, in 1 wi “When 


4 


| 
7 
— ge ug — 
— 
~ Or an’ eason, an t 
the How at the power-house 1s entire stop] for any rea 


4 
on ASTORIA ¥ WATER-WORKS. 
Ww vater allowed to waste through the overflow at the head of the 14-in. — 
line, a 4-in. relief valve ‘discharging in into the tail race affords a safe- — 


guard a against any ram likely to be produced in the closing of the 


The Gate Well.— —Fig. gives a very good idea of the general 

; gement of the gate well. y It is 22 ft. in clear diameter, and is = 
lined with 2 ft. of concrete. in the center r of the well i is a a steel tank 8 


pipe e connections with the reservoir, the ‘distribution and ‘the sewer, 
indizectly with t the tail race from the Pelton wheels, through 


wheels. surplus water ‘passes ‘through this tank to the waste 
the ‘open n stand-] -pipe, the top of stands at low w-water 


From the of connections and gates, it will be seen 


z then reservoir or the tank ‘may be temporarily cut out without affecting the 


Feat tot the distribution. nm. The overflow i is always operative whether 


the reservoir is in use oF not, and the fresh water “from the pipe line 


oe will always first meet the demand from the distribution, until the : sup- 
Ft 5 ply is exceeded, when the reservoir is drawn upon for the ) deficiency. — 4 


5 A cylindrical brass screen, not shown in ass drawing, is inverted over 

the distribution ‘supply pipe in the tank. This | screen can be cleaned 

ee. at any time by reversing the flow through Pie Two feet of concrete is _ a 


placed in the bottom of the well, , enclosing the Stings, 


ing ing the bottom of the tank. ai An independent drain p pipe prov ides for e. 
the discharge of all seepage water from the well. A spiral i iron stair- 


way, supported me the wall by brackets, affords a convenient means of a 
entering the well, _ while the tank may “be entered from above by a 
stationary i ladder down the inside. All are from 


ity of the buildings and fittings was $10 177 2 


epth below the surface, and 5 was tunneled by the contractor i in prefer 


| 
— 
a 
| 
— 
) 
— 
4 
— 
The total cost to the 
ds directly no his dis- 
the new reservoir ex », and is about 1 200 ft. in length. 


to digging open trench. The remaining 900 ft., except for a por rE 


tem which i is through solid rock, is lined with concrete and terminate 


‘rock near the center of ‘the was through an ‘exceedingly hard, 


‘am black shale, w which required powder fo oon remov and ra idly 


where except in the solid rock section, and consisted of 6 x 6-in. posts 


and caps, 2 x 12-in. . sills and 2-in. lagging. The posts were usually — 


ae 2 ft. between centers, and were not infrequently crushed in by "4 


ea the swelling of f the material, in places where there was apparently no 
tendency to cave. plac es where water penetrated in considerable 4 


x 
808 rapid that tunneling 


several bad caves s occurred. 
The r rock was ery hard basalt, 


aa and \ was worked entirely | by hand. 

Air was supplied by an exhaust 7 
8 fan operated by an electric motor a 
taking ¢ current from the wire of 


an electri ic ic street ay. 


ft. 5 ins. ix in width by 6 6 6 ft. in eight 


with aatied sides and arched top, but the material penetrated proved : 
unstable, the completion of the tunnel driving 


so long delayed by: of the and hardness of the 
en encountered, , and by the failure of the original contractors, that net ; 


work of f lining was necessarily performed long a after the > heavy fall and» q 


Ww inter rain rendered th the ‘ground very y treacherous, 80 that it 
ces. It 
was accordingly determined to use @ strong concrete ‘section for the 


lining, and leave in “much of the timbering. A 4 shows the form 
section adopted, and the dispositi 


‘ 


filled, was driven through a rather soft i 
— 
— 
—_ rough-— 
— 
— 
— 
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secure a thickness of concrete between the forms 
removing them, the earth being dug away y from behind them 
at the foot of each, and the post pushed back out of the way. Bion 
forms were built in 4-ft. sections for the sides, and 2-ft. for the * 
top, and were held in position by 1x 4-in. bracing on the a inside 
‘The concrete was well rammed into all | crevices, except at the apper 
rs, and where considerable caves existed, which were filled back 
of the concrete with the excavated material. The p proportions used in 
prop 
the concrete were the same as those used in reservoir work, with 


e exception tliat the screenings were not removed from the rock, 


o The work of lining in the north end was muc eason of the © 
large amount of digging necessary in securing proper line and grade, 


this matter heving been very carelessly looked after by the m men n doing — 
the driving. The work i in its completed condition is in very satis- 


factory shape, which ‘result has’ only by most untiring 

Cost.-The work passed y vicissitudes, ‘being at differ- 


ent times under the management of three ¢ | different contractors and 
subcontractors. The excavation in the softer r materials was | not well 3 
handled. The vei excavation and concrete work were well managed, 


rc ‘and the cost very carefully kept. buy ‘The cost | of the t ‘tunnel to the con- 
“tractors and to the > city is is given in Table ‘No. 9. 


* Tunnel Pipe.— The main supply pipe from the new ‘senewvels to as con- 
= 
nection with the disteibution is 18 ins. in diameter. 


, and that which lies with- 


out the tunnel to: te the is of ca cast iron in. thick, while the por- 
ion lyi ing w vithin ‘the permanent tunnel is wood- rors pipe. Little 7 


‘oom was in the section for the of ‘Pipe, b but mat it 


Disrrreutine System. 


and a a high se serv ice, low supplied from the small reservoir of 
500 000 galls. capacity built by the C Columbia ‘Water Company at 


“flow- w-line elevation of 167 ft.; and the high service being supplied from 
The New Service.—The street mains in the low service ‘range i in size 


foun 6 ins. a. to 14 ins., and i in their arrangement and size are designed to to ie” 


— 
— 
— 
=f 
= 
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e secure a deliver: ery in case of fire in any of the business portions of the 
“ai ys city of 2 000 galls. per ‘minute, in addition to the ordinary domestic. 
ar consumption, a at an effective pressure of 80 Ibs. at the o hydrant noz- 
zles. Part. of the pipe i is. cast iron, and part ‘steel kalamein 
“Astoria | hes pons sea wall, and many any of the streets in the business part: 
of the town are supported on pile trestles about 18 ft. high. 
~ thee streets the the kalamein pipe is used by reason of its lightness and ‘ 
greater “adaptability to withstanding v v theation ‘than the cast iron. 


Wherever supporting ground exists, cast- iron pipe is used. — The 7 


_kalamein pipe is supported below t the > street surf surface on timbers dapped 
ato aaa bolted to the piles, and is boxed with 2- in, lumber, — 

box, for the 12-in. pipe being made without a a | cover. | The e gauges are : 

the customary standards used by the manufacturers of tl this ‘is class of 


pipe: 6-in., No. ; in., No. 104 ; ; 10-in., 10, No. 
‘The hydrants c on these streets are connected with the street mains 
a section of similar pipe, having cast flange attached to each 
end, the pipe being expanded like boiler tubes with ahammer to fit the 


slightly rounded inner edge of the flange, thus 1 removing” any possi- 


1h 


ae rar shite of the hydrant being pushed off by the ) pressure, w while a a lea 
e joint prov ided at the outer end of the ings makes the connection 


water tight. . Thee cast-iron is all of the hub and ‘spigot type. 


‘ Diemeter, inches 


Thickness, 


ied 
4 the foundry frequent tests vat the quality of the metal were made 


the inspector with the following results: 


18500- 
29500 


Dost bars 1 x 2 ins, fon ‘between supports, | load applied 
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‘Test piece, in. round. ....Least 19000 
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All pipes were to 300 Ibs. "pressure, and well: hammered 


the | pansion. Asphaltum was used for coating. 


“The High Serve old pipe taken up ‘from the grav ity line 


ee old works and from the old distribution is largely used for | the 


high service. The former i is ‘welded wrought iron ‘supplied w. with 
Converse | lock joint, and the latter i is principally cast iron of the 
= hub ‘and spigot typ Pe, e, of a thickness for about 150 


out without disturbing the rest. On ‘the trestled 
"i ey streets, beside being placed at intersections, , they are are put in in every two 


blocks as a safeguard against loss of pressure re by the falling 


street mains in event of ded conflagr ration. ‘All were bd 
to 300 Ibs. pressure, and are provided with adjustable. cast-iron m gate 


= 
‘boxes. The hydrants 6-in. connections with street mains, end 


=e 


— 

42 

‘ummecessary length and weight of most foundry patterns. Pipes 
laid with 3 ft. of earth cover, and with 2 ins. of lead in the Re 

cc 

i 

— 
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2 laying it was all cleaned with steel wire bru 
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“avery sliding ‘the street improvements a at ‘some of 
% points being gradually pushed out of line as much as 2 ft. in a year. Ps; 
‘In the laying of the street mains, these. sections have usually been a 
; avoided. . It It was necessary, how 
character be crossed with a a 124 -in. pipe. To x meet the difficulty, 
s combination s slip and flexible joint was devised, shown i in Fig. 5. _ These x 
were distributed at intervals of about 200 ‘ft., and the pipe— eusloned 
stance of 50 ft. on each side wi rith a covered wooden bos, con- 
a siderably larger than the pipe, in order to | give room for motion, - with-— 
out the pipe having to take the weight and | friction of the earth. 


a, ball and socket joint is is patterned after the New York City s standard, 


Fire Gates. has that in of fire, press- 


at two extreme points, and by automatically « cutting ‘out the = 


= by means aah a check waive ) in its supply pipe. These fire 
are of the ordinary Ludlow piston lift type, one 14 ins. and the 


a line o of j-in. service pipe leading a patented gov 


oir elevation was sufficient for. ordinary domestic commamption, 


= insufficient for a really good fire protection directly the 


hydrants, while the upper reserv oir was at a suitable elevation for 


first-class fire pressure, 113 Ibs., t objectionably h: high for domest 
The ice is suited for 0) operating from a distance any piston lift 

gate working in a pipe under pressure. . would seem to be an 


large principal supply mains in case of disastrous breaks such as not 


7 infrequently | occur. it has worked in the e present instance without an} any va q 


am 4 > failure from the beginning, and has 8 proved very certain in action. — te 


operation is simple, and is readily followed by the aid of Fig. 


placed which is to be operated by the governor, B with the lower end of 


economical an and efficient arrangement for the the speedy closing of of gates i in 


is connected with the “pressure. pipe or main which the gate is 


| 
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the gate ‘cylinder, Cc with the waste, D with the upper on of | the 
—— eylinder, with a T connection, in one branch of which 1 is connected the | 
small pipe O leading to which the gate ist 

- operated. At the end of this pipe is placed a stop- -cock or other on- 

--venient means of 0 opening and closing this p pipe. e. Under normal co wre 
tions the pipe is closed, the water has free access from the pressure — 
through A, and D tothe w upper -end of the gate cylinder, thus 


on the gate piston and keeping the gate | closed. a There bein = 


an aticion of pressure in in } the two ends of ‘the governor eylinder, 


the spring G keeps the | piston. 1 at the lower of the cylinder. 
__ it is desired to open the gate, the pipe at the fire stat station is opened, re- 


~ the | we ‘D, governor piston t to be thrown to 


passage of the water from A. . The water acts on the lower end of ot the 


= gate piston, causing the piston to rise and the c gate | to ) open, while the a 
3 water from the upper « end of the gate c cylinder passes s off through the 
pipe O at the fi fire station. By closing the pipe at the fire station, 
equilibrium i is s again “gradually restored between the two ends of the 
governor cylinder through the opening E, when the spring G throws 
the piston to the lower end of the cylinder, releasing the water from 
F the. lower end of the gate cylinder through the pipes and movable port 
B, Cand F, leavi ing the gate free to close with the pressure a, 
a' restored to the upper end of its lift cylinder. — By reversing th the con- 
it will be seen thata gate can be alw ays kept ween: 1 instend of 
closed while the cock at the controlling station is kept closed. 7 As set 4 


sai a pair o of sa -in. flanges holding a wire screen are inserted in the 


nature, and has i in » all respects accomplished a all that \ was either prom- 


= ised or anticipated. ‘This result the author feels should be very —_ 3 


_ attributed to that wisdom which secured as commissioners men of | 


which removed them as a body tayens the pale aot political influence. 


sound judgment, “good business sagacity an and sterling “integrity, and 


— 
— 
q 
— 
— 
— 
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— 
— 
— 
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which are drawn from anv failure 
— 
— 


ADAMS ON ASTORIA WATER-WORKS. 


of the work was their recognition « of the responsibility which nell 


ow “upon th chief engineer, by leaving him entirely untrammeled i in the — 


‘selection of his assistants and the 1 managing g of his. department. — This Sie. 7 


leads th the author to the pleasant task of here recording his sincere grat- 
itude to the associated with him, for their manifestation of j 


untiring e energy, and loyal co- ratio uring the 


‘indebted are James D . Schuyler, M. Am. Soe. 


AJ 


the plans for the work in the fall of 1894, and t is under 


obligations for many excellent suggestions ; R. mmell, M. Am. 
— Soe. Cc. E., who, as a partner, was associated w ith e » author in ‘the 7 a 


early prelimina: ary work on plans and specificatio ns; A. 8. Riffle, M. 


Am. Soc. Cc. E., mechanical assistant on construction, assistant 
in charge of gate and power house, and tunnel ; J. 


. Case, assistant nt engineer in charge of pipe line and head works ; 


George A. Ghields, shop and foundry inspector ond assistant engineer 
ity ape? 

charge of the | distributing and Lars Bergsvik, in 1 charge of 


TABLE No. 1. Cour ON SLOPE ConcRETE— 


Total cost per 
Total cost, ‘square fi foot. 


| 


0 

Sweeping 


5| 285.729 | 0.007950 
0.000152 


— 
ma 
iim 
4 
0.000872 — 


4 


q 


ASTORIA WATER- “WORKS. 


Total cost per 
cost. foot. 


0.000220 
0.000161 


0.01225 
0.470 
2.500 


58 ? $0 


‘TABLE No. ~ —Cost oF Coat ON Borrom— 
341 154 | ‘So. T. 


4 


Total cost. 3 Total cost per 
square | Soot. 


= 


‘Building ng sheds... 


99 
4610 


79 


Contractor's price.. rrr $758 90 


| 
— 
J 
— 
| 
= 


‘TABLE No. 4.—Cosr or Layine on 
182 000 Brick, 29 637 Se. 


Unloading brick from barge..... 
At wharf....... 


ana storage at the Reser 
Laying.... 
"Attendance, 
Briding asphalt 
Foremen... 


q 


MATERIAL. 


93 372 lbs. 


6.7 


Store Brick 

Fr 


Prod ® 


= 


At 


$19.95085 


Contract price.. 


. 


15 v00 


= 


$2 


$21.50 
500 50 { 17 00 


= 


a, 


Brick SLOPE 


ot 


wh Total cost per 


95.75 


“Ke 
“0.15 


QUANTITIES, 
..| 25 230 Ibs, 

tons. 
1.0 cord. 


Total cost. | square fout, 


..| $5.00 $0.000168 
14 36 0.000485 
0.000371 


$0.013070 


q 160 152 4300 | 115475 — 
‘TABLE No. 5.— 687Sq. Fr — 


ADAMS ow asToRtA WATER- WORKS. 


4} 


Total 
square foot. 


30 


4 


2813 Ibs, “ 


Total cost.. 


Contractor's price included with coating, — 


No. 4. OF Inowma 29 637 Se. 


Total cost. cost per 


9. 7 


ontractor’s price included with outing. by 


— 
— 687 Se. Fr = 
— 
— 
— 
— 
— 

— 
— 


ap 


Excavation...............| 49540 cu. yds. 
= Concrete on slope 6038.3 


bott .| 678.2 


in pedestal .. 
«841.54 squares 
‘Pedestal. 3.00 
“Ist pa asphalt slope ....| 29637.0 sq. ft, 
Ist bottom,..| 34454.0 “ 
ae & 154.0 
Brick liping.. 1320 M 
Mastic on brick lining. ..| 29 637.0 
Ironing slope.. 
Parapet wall... 
Iron fence 
Riprappipg bank. 


Fixing 


Grading around reservoir cu, 
Office buildings, etc. 
_ Water supply and main..|.. 


At 


TABLE No. 9.—Cosr oF ‘TUNNEL. 


Quantities. 
ok 


‘contract cost to | costto actual 
price, contractor. city. cost, 


$7 431 00 
65 
70 
63:00 
44:10 


10 
387 52 


00 | 1304 73 
40 
00 8 00 
64 18 


$18 046 96 | $5 340 53 |$23 387 


contractors. |tract price.|cost to city. 


"157. 0 cu. yds. 


, north approach... 
Barth excavation, south approach 
Cleaning and relagging. 
Rock excavation eee 


963.5 cu. yds. | $1795 43 


296.7 ou, yds. "| 280 68 
Concrete liming... 568. | 3 


aBs 


87:00 
130 57 

16 50 


ga 
oO 
ow 
ow 


27 $1161 30 


$8 039 83 


Total | Total Additional! Total 


Total cost to| Total con- | Additional — 


— 

TABLE No. 8. REsERvorR. Capacity, 6203000 Gattis. 

— 

$8 371 99 |............ $8371 99 

181619 | $170275| 351894 

176183 | 1790 3 552 78 

foes 129 63 | 254 80 

Sa 

s3 
se 

| 

| 
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DISCUSSION. 


= 


Herne, M. Am. Soc. C. commendable feature of 
the work described in paper is the high degree of thoroughness 
that was not only proposed but apparently attained in all the import-— 4 
ant details. It is also to be commended that an accurate test was ) 
_ made of the leakage of the reservoir and the carrying capacity of ag 
pipe line’before they had been brought into use, Ww hich, unfortunately, 
is not always done. Owing to these early measurements, it will be a 
simple manner to observe any gradual change in the capacity of the 
and to indicate the true causes for it. | 
is tos see e the comparative 2 results obtained i in n the flow 


the former by experiment, n = 0.00985, is less than that ob- 

: tained by the Darcy-Bazin formula in a semi-circular channel of planed — 
nearly 5ft. in diameter, which is about = 0.0118; but it equals 
= almost ey their result | obtained in a small rectangular channel, 


d ‘rapidly than in rough channels; that is, a very slight change in a 
‘ character of the surf face makes a material difference ein the flow. SS It is a 
7 therefore e: especially important in such cas cases to have an actual n measure- 
ment if panaibie, and not to depend solely aliens formulas for very close 
B. The steel plates were apparently made « of sheets 4 ft. in length. 
These plates were No. 10 and } lo. W. G., and therefore 0.134. 
and 0.109 in. in thickness, and were riveted with lapped joints in 4 
ea alternating large and small courses, the latter having the full nominal — 
diameter of the pipe. Every eighth course was made slightly conical. = 
Straight seams were double ‘riveted, and round seams ‘single riveted. = 
“d For this pipe the Kutter coefficient was found to be 2 = 0.0111. 
* Hamilton Smith, Jr., M. Am. Soc. C. E., obtained riveted pipe of 


undoubtedly due to the } project ing at the joints and to the riy 


heads. smoothness of the surface of two not 


ater Company’ ft. in ‘the projections are 
0.25 to 0.375 in., and x averages 0.0148. In the wrought-iron riveted 
= at Holyoke, | Mass., about , 83 f ft. i in diameter, the projections : are 


0.36 in., and n equals 0. 016. 


q 

— 
— | 
— 
— 
— 
— 

— 
— 
— 
‘ 
— 
— — 
= the resistance, and as represented by the Kutter coefficient 
again. shown Dry this new gauging. 
is again shown by this new gauging. Here the projections are 
i 
— 
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ON ASTORIA WATER-W ORKS. 


‘The speaker was glad to see the continued use. stave pipe Mr. 
a3 advocated, because it was certainly, at least for the Pacific coast, an > 
excellent construction. It seems to outlast steel and iron, from the | 
- fact that the pressure ( of water from the interior causes the pipe to be ; 
continually saturated, and this seems to } preserve it from rot, which is 7 
not the case with wood under other conditions. For that reason it — 
has been suggested on the Pacific coast not to coat the pipe either = 
oe inside or outside. It has been found there that if the stave pipes _ 
"were ¢ -oated on either or both sides they were more apt to rot than if they E 
: ow ere left in a natural condition, because the coating would prevent the — 
_-water from penetrating the wood as freely as necessary. It wasassumed _ 
in a case that the speaker was familiar with, that such uncoated stave ‘ —_ 
_ pipes would last at least twenty-five or thirty years, but no actual ex: a 
i has, , of course, been had with it for that length of time. — ve a 
a In referring to the asphalt lining of the reservoir, the — 
of the author’s baring been careful to base 


“aly the author’s was the best 
for the purpose, and one likely to give satisfaction also in the East, 
namely, first giving a coating of asphalt, then placing a layer of bricks — 
laid flat ‘upon it after they have been dipped in asphalt, and finally 
ting on another coating to fill up the joints. A very thin coat of © / 
" or asphalt-concrete also appears to be satisfactory in similar - 
ases. The brick lining was recently adopted as the best lining for — 
the slopes of the Queen Lane Lane oir in 


ORRES SPONDENCE. 


the experimental give en in paper for the 
steel pipe, and ‘results that he has computed by Darcy’s for- 
mula. _ The latter would give, considering the discharge and length — ; 
‘given b by the author (6.369 and 1 000), a loss of head due to friction of — _ " 
‘5. 1291, instead of the result 6 5. 0028, r about 2 2 more; 


6.369, or about 1.25% less. 
will be seen by these figures, ‘ean is but a very slight difference be- — - 


the results obtained by Darcy’s formula and the experimental 


results, and the variation i is upon the safe side. 


a 
— 
3 
eoast, where a number of asphalt-lined reservoirs of many different 
4 
Epunp B. Wes l- Mr. Weston, 
— 
— 


ON "ASTORIA WATER- -WORKS. 
«6 Rave Russert, M. Am. Soc. C. E.—The kind of reservoir r lining 
— Bet at Astoria may properly be compared with the lining used for 


the bottom of the new settling basins at St. Louis. _ There are six of 
2 these basins each 670 ft. by 400 ft., and from 11; to 18 ft. in in depth of 


water when full. i They have been j in continuous use for over a year. 
The floor of these basins consists of 18 ins. of | clay puddle protected 
oS by 6 ins. of concrete, which was laid in bloc sks 7 ft. square, with a }- 
in. joint. These joints were filled with a composition of equa) parts 
7 of No. 6 paving pitch and powdered carbonate of lime. | 7 This compo-_ 
sition becomes quite soft under the | ‘summer sun, but is always some- 
what hard when submerged. 
te: The basins are surrounded by heavy masonry walls, which rest on 
d compressible earth. Since completion the walls have settled consid- 
4 erably, several inches in some places. This sinking of the walls seems 
_ to result in distortion of the adjoining bottom, as the blocks nearest 


_ walls are found to have settled, and in some places they are 


cracked. Where the floor block has settled much, the pitch joint 7 _ 

«ft. from the wall is found to have opened. Away from the walls, and 
1 usually” adjoining walls that have not settled, the floor lining has 

proved a success so far. The joint filling rises when the blocks are 
ow yarm and goes back when they are cool, as described by the author. 
_ The floor lining seems to have adjusted itself perfectly tos all ordinary 
These basins will probably be repaired by | taking ng up the floor 
blocks that have settled badly, and replacing them with blocks 7 ft. 
_ by 2 ft. and 8 ins. deep, laid with their major axis parallel to the wall. 
The joints will be filled d with a somew what stiffer composition, probably 
equal parts. of No. 6 paving pitch, carbonate of lime, and clean, dry 
river sand. It is thought that the narrower blocks and greater number 


aa In operation these ‘basins at are drained and cleaned four o or ‘five times: 


‘the bottom. of an n ordinary s service reservoir. 


ground at all unstable. ~ It seems questionable, too, whether the coat- 


of broken blocks or distorted joints. As the coating adheres to the 
top of the floor block, the strain on the coating would be concentrated 
over the joint or crack, and the continuity of the coating would 


Way, as would seem probable from the nature of the two materials. _ 


leads him to doubt the correctness of the views ence ‘in the fol- 
lowing quotation from the paper: 


_ of joints will provide for all further settlement that may take place. __ 


_ From this experience, the writer is inclined | to fear that floor blocks ; 
20 ft. square, as described in the paper, might prove a failure on % 


of asphalt on top of the blocks would be much "protection in case 


be greatly endangered. These suggestions are based on the assump- 
tion that the pitch composition and asphalt act in much the same 


Mr. Harlow. _ James H. Harrow, M. Am. Soc. C. E.—The writer’s experience — 
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_ “The author holds in the much-discussed viasiiiai to which this M 
ives rise, that though a private person or company may often with _ 

=f creditable discretion discard a bid that is too low, yet in handling the 
_ funds of a municipality, if the proposal is strictly formal, and the | ei 
securities satisfactory, the administrator of such funds cannot, with © 


2 due propriety and proper regard for the wishes of the public whom 


_ The writer cannot see een it is more creditable for a menienpenity 
to. obtain something for ‘nothing, or something | for less than its value, a 
re ctor may ‘make a mistake oi. 
ae his bid for any given work, but when this mistake is self-evident,such 
es bids meee be rejected. he An engineer can be more lenient ae. 


be, 0 . It the contractor is losing money, he ur urges s with a a good rer 
of force that leniency granted on one point should be granted on other 7 
DE, points where the engineer should carry out the exact wording of the — 


i _ An example is afforded by the case e of a borough in 1 the vicinity of Pr. 7 
Pittsburg, where about ten years ago the municipality decided to con- — 
struct water-works. The borough's engineer prepared the necessary 
= specifications and plans, and bids were asked for. The propositionof + 


the lowest: bidder was a party v who had considerable 


i ith much experience a in the construction of water-works, and whose bid 
/ s that of the lowest bidder. As to the financial 
the second party stood better. Both parties were able 


ag _ The engineer reported against awarding the contract to the lowest 


= bidder, his argument being that the bid was entirely too low . The Pests at 
Borough Council decided to award it to the lowest bidder, believing 
in case of loss it would not fall upon the borough, for it had sufficient 
bonds to compel the construction of the works as designed. After the i 
oe ard of the contract, and after - contractor had been working some . 
weeks, the work began to to. drag. - Complaints were heard that the work Be. 
not properly managed, and the laborers were ‘not being paid the 
amounts due them; and soon it became necessary to forfeit the 
contract, and the bondsmen were called upon to complete the work. — a oy! 
; _ This they did. - The report is, that the bondsmen divided up the cost 
tae several thousand dollars between them. So far as the borough was 
_ concerned, — the work was completed, and to the satisfaction of the a 


Several of the bondsmen lived in | this of them was 


me 


- 

| 
— 
| 

gnorant man, with no experience on work similar 

— 
— 
— 
| — 
q 
ount of the contract; the result was that he { _Accord- 4 


CORRESPONDENCE ON ASTORIA WATER- WORKS. 


ese were cutinaliion;« and attempts were made to collect from the borough, j 
+4 and, finding this could not be done, an attempt was then ‘made « on the 
3 bondsmen. The writer does not know exactly how this point was set- 
tied, but his impression is that these laborers never received their 
money, the bondsmen claiming that while they were responsible to the — 

=i borough for the satisfactory completion of the work, they were not 

_ responsible to the laborers or for material furnished the contractor 

prior to their assumption of wl work. _ A number of these laborers — 


_ Some two or three years vn this, the writer was called upon to 

design : a water supply system for the adjacent borough, and during 

his investigations there became acquainted with a number of men who 

had furnished material to the contractor mentioned previously. These 

claims had never been settled. They varied from $800 for cement 

down to $75 and $50 for sand and other materials. © The aggregate | of 
» the bills that the writer found was something i in the neighborhood of — 
500. These material men resided in the borough, = 
_& It has always been a question to the writer whether the borough | 


was justified i in the awarding of this contract to the party it it did, re- : 


a  membering that the borough i is made up of indiv iduals, and a number 

of these individuals had to pay the difference in the cost. 
The author says that ‘‘ by a combination of circumstances, fortunate — 
to the city, the works have been completed at a remarkably small 


cost.” From what precedes this item, has not a considerable differ- 
ence been paid, not by the city as a city, but by individual and inno- 


cent inhabitants of the city? This is apparently the fact, forthe reason — 
that the city apparently paid something over $4 500 in excess of ~a : 


_ E. Saerman Goutp, M. Am. Soc. E. —The ‘gaugings 0 on Page 40 7 


of observations. In 1893 the flow above the suits of Deine Creek was © 
2 646 000 galls. per 24 hours, and in Cedar Creek 718 000 galls. per 24 


4 hours. _ These two flows 8 s combined, as as the: writer or understands it, would be 
_ the amount furnished by the stream at the point of diversion, and would — 


aggregate 3 364 000 galls. per 24 hours. This is not an encouraging © 
- outlook for a supply « of 4 000 000 galls. per 24 hours, with a storage of 


only 50 000 000 galls., or only enough for about 12 days’ consumption. — 


< All that is said about the wooden pipe is of great importance. This | 


kind of conduit can evidently be used only under light pressures, say 


100 lbs. per square inch as a maximum. _ This materially limits its 


availability. — It is to be regretted that more e details, with a longitu- 


a The ine reased flow in the wooden pipes wes to ow wing 


dinal section through the were not of the steel pipe, 
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Ps t Had a steel pipe been Mr. Gould. es) 


used in its ‘piace, with the given ‘grade, a diameter of about 19 ins. 
ie wont have been required, so the g gain is only about 5 5% i in favor of the : 
. A query naturally arises as to the diameter of the wooden pipe i 


ing diam diameter of such | a pipe. - ‘The hydraulic grade line of the steel a 
pipe seems to have been less satisfactorily determined than that of the os 7 
a wooden one, for, on account of its greater height above the pipe line, — oe 

no stand pipes were placed upon it. Taking the data as given by the — = 1 Ae 

- author, the flow is large for a pipe of that character and diameter. © ee 

a Here, too, there must be some difficulty as to t true diameter, because, : 
for one thing, the longitudinal lap joint in 1 so small a Pipe isa confusing 7 

; proportions of the seem to have in round 

bers, 1 cement, 0. 8 sand, 4 gravel and 7 broken stone. _ This seems & 

_yather lean mixture for hydraulic work, but the cement being ‘good 

- Portland, there is no doubt that, with careful mixing and placing, sat- — 
isfactory results could be confidently anticipated. It is stated that 7 

1 558 barrels were used to make 1 282 cu. yds. of « concrete. _ This makes, 7 7 

including plastering and waste, nearly 1} barrels p per eubie yard, wl rhich © 


_ represents good, honest work under the above proportions. The quantity 
put i in per day on the bottom, 2.35 cu. yds. per man, if by per man ‘‘all = 


ry 


Were the ‘expansion ” joints; that i is, did the asphalt 
- filling them compress and dilate after the fashion of india-rubber? If ior 
3 underlying concrete contracted and expanded, what effect did this — 
_ movement have upon the sheet of asphalt spread over the surface? ao 
the writer’: mind, one of the gr reat advantages of concrete 
of its being | used in a continuous mass. = Ww hen building the Palatino <a 
_ Reservoir at Havana, Cuba,'a few years ago, he had occasion to use con- a 
at — exete as a bottom lining upon a fairly large scale. This was a double = 7 a 
Teservoir, the bottom surface of each | compartment being of about 
F 60.000 s« sq. ft. The thickness of the layer of concrete was about 1 ft, .. 
>) oS Portland cement was used, the proportion being one part — 
of cement, three of mond and 1 six of broken stone. 


was 


two, or even after laid. Constant wetting of all 
‘masonry was insisted upon . Aftera month or two the concrete resisted = 
ie the action of a sharp pick. . Iti is true that the range of temperature to an 
c which it was | exposed was probably much smaller than at Astoria, but 
: * the result was so perfect in every respect that the writer would need Hi 
_ strong proof to convince him of the expediency of foregoing the great =e 


advant antage of his floor absolutely continuous. 


— 

— 

= 

— 
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work was of the best character, and the fin- Se 

— 
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First. —The proposal was in the last degree.” 


Secund.— —The contractor was ‘determined t to have his rights recog- 
_ ird.— Although ‘‘a private person or company may often, with 
ereditable discretion, discard a bid that is too low, the administrator 
- public funds cannot with due propriety and proper re regard for the 
wishes of the public * discard such a bid. 
_ The first two statements co convey thei impression that the: contractor 24 
: « rights” called so loudly for recognition that the Commission w as a 
my legally powerless to exercise any discretion in the matter. The writer, — 
a being acquainted with the facts, is of the opinion that the contractor 
had no rights to enforce, either legal or moral. He had become hope- 4 
lessly involved in a paving contract in a neighboring city only a 
4 months before, and deemed it expedient, prior to submitting a proposal 
at Astoria, to incorporate under a new name. The engineer had, with 
rs commendable foresight, introduced in into his specifications th the following 
prov isos, s, which are singularly applicable | to the case in hand: Dye 
The Water Commission reserves the right to reject any or all bids, 
_ or parts of bids, which they may not deem advantageous to the city.” 
| =e proposal will be accepted from any firm or person known 


either to the Commission or the engineer to be in arrears on other con- 4 ; 
tracts, or to have failed in other contracts to comply with the specifi- 


why these excellent were waived by the Commis- 
sion is not apparent, unless the explanation be found in the author’s 
last statement. Here he virtually | takes the untenable | “position that 
- conservative business methods cannot with propriety be employed in 
A. the administration of public affairs. He assumes that such a procedure 
_ is contrary to ‘‘the wishes of the public.” ‘The defence becomes — 
WwW weaker still when it is considered that | the As Astoria Water Commission - 
% was composed of representative business men, ‘and was clothed by the | 
State legislature with large discretionary powers. The practice of indis- _ 
criminately awarding contracts to the lowest bidder promotes incom-— 
petency ai and rascality. In the cas case under discussion the contractor, 
having nothing to lose, could well afford to take chane es which ar 
_ sponsible contractor dare not take. So long as he could satisfy his 


= creditors with partial payments he would be able to appropriate a — 
4 


good Portion of each mnantety gral received from the city to his © 
the end he was better off 
financially if he had failed to secure contract. 
a. It is to the engineer, rather than the average municipal board or 
+ ', commission, that one would naturally 1 look to advocate the rejection — N 


a CORRESPONDENCE ON ASTORIA WATER-WORKS. 
Mr. Rifle, Rirrux, M. Am. Soc. C. E.—In defending the action o 
the Water Commission in awarding the contract for divisions 1, 2,3 
explanatory 
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CORRESPONDENCE ON ASTORIA WATER-WORKS. 
of undesirable bids. ‘Hei is presumed to know the difficulty. of obtain- } Mr. eal 
_ ing good results when the contractor is losing money, to say nothing a. 
the probability of vexatious and expensive complications, which may 
_ entail a serious loss upon the city. ‘The writer holds, therefore, that 
should be the duty of the engineer of either a public or private 
enterprise to determine which one of the se several bids received is the 


- lowest and the best, and to urge its acceptance Ww ithout fear or favor. Be : 


on 


es and the ro such as that described by the author a carefully surveyed 
_ preliminary line, enupinmnented by an accurate contour map, is almost e 
> an absolute necessity. Without it an intelligent, economical location 

_ The expense, however large, is fully justified. The adva antage of : a Us 7 

map as an aid to location is clearly out in the author’s 
statement that the length of the line as finally located is one mile shorter i : 
than the preliminary line, a saving in distance of about 10 per cent. ae 


location of the Astoria reservoir is s known to the writer as 


4 the hillsides in many places consist of unstable material, which has 
2 a tendency to slide when saturated with water during the rainy 


season. Excavations disturb the equilibrium: of these hillsides to 
‘such an that the m most serious ‘consequences often ensue. The 
engineers who had charge of the construction of the Oregon Railway 
and Navigation Company’s lines, and the Cascade Division of the 
Northern Pacific Railway given much trouble | by slides, 


although these roads" have been in operation for a number of 

each successive rainy season brings a recurrence of the evil. 

feature of the hillsides of this section of the Pacific Coast is so 

understood by most of its residents, that the construction 

a two of Portland’: 8 large res reservoirs in a ravine, one side. of which 1 was as me 


clearly unstable, occasioned considerable comment. As was reason- = 
; predicted the hillside began to slide before the completion of 
the work, and although eighteen months have elapsed since their — 
completion, the reservoirs have been undergoing repairs dering tis 
period at a large « expense. “It is but fair to add that, although the 
construction was under the charge of one of the most prominent en- 
am of the Pacific” mh. he was in no way responsible for the — 
As storia reservoir was selected by the about the ip 
‘same time as the Portland reservoirs were located. His attention 
gu called soon after to the sliding character of the ground in aa 
immediate v. vicinity, he thorough investigation which ended — 


bas 
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of the city where there was no question as to stability. 


~~ =. Rifle. author stated to the writer that in making the change he was guided 
by his own judgment, _supplemen: ted by the ‘opinions of local men of 
intelligence who knew much more about the peculiarities of 
ss @ountry from long residence than he did. i. Such a spirit is highly | 
oc ; commendable, and stands out in sharp contrast with the practice of 
; 4 engineers who consider it beneath their professional ¢ dignity to make use © 
a of knowledge obtained from what they choose to term humble ssources. 
_ The writer does not believe that the publication of the cost of 
work in detail, as has been attempted by the author, is attended with | 
_ beneficial results. W hile engineers of experience fully appreciate the 
fact that local conditions must be taken into consideration i in applying» 
the cost figures obtained in any locality to another locality, panel 
- j petent and inexperienced engineers are very apt to be misled by such > 
: - figures. It must also be borne in mind that the bare cost of labor is | 
_ but one item in the cost of work to the contractor, and although it is — 


usually the largest item, it often falls far short of the total cost. — 
Office and traveling expenses, freight charges, depreciation of plant, s 
g g g I 


= 


 ete., are items that oftentimes assume large ‘proportions, and are 
strietly chargeable to the cost of the work, Without these it items, 
4 tables such as those included in the ] paper - under discussion, are mis- 
leading for the purpose of estimating the cost of work. While an 
F experienced engineer would undoubtedly add a liberal percentage for 
; and items not included in the tables, an ene engineer would un- 
C. Henny, M. Am. Soc. C. E. _tn describing : the details of 
os the Astoria stave pipe, the author calls attention to the difficulty ex-_ 
val perienced i in obtaining fir staves of a quality suitable for pipe con- : 
ak. struction. a Douglas fir is a very superior wood in respect to strength, 
stiffness and straightness of grain, and has the further advantage of | 
¢g being cheap and readily obtainable in large quantities free from knots. 


Yet it } possenses which render it lens desirable for use in 


are to be shipped and hauled as distances and left exposed some time © ,) 

along the pipe trench. It was a fortunate circumstance in Astoria z 

that the pipe line runs for its entire length through the thick woods, e 

where the staves were protec ted from the sun and wind. at 

_ Another disadvantage of fir is that its grain is not so close as ame | 

oh other woods, such as cypress and redwood, necessitating great care — 
in the selection of the staves used in heavy pressure pipe, to prevent — 
percolation. 4 The principal | disadvantage i is, however, that pitch seams 
‘ are so common that a certain percentage is permitted, even in the 
i ordinary clear grade as occurring in the market, and that to obtain fir 
ad absolutely free from pitch seams requires a & weeding- -out process from > 
beginning to e1 to end, very y discouraging to the p of 
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most difficult to carry through without compromise. A A pitch seam is Mr. Henny. 
- caused by the accumulation of pitch between two annular rings; ey 
therefore it is not necessarily objectionable i in a bastard grain stave, 
unless too large. * Ina quarter- -sawed stave a pitch s seam showing on a 
_ both sides is sure to cause a leak. If it shows on one side only, and % pat a 
penetrates but little, no leakage result from it; but the depth 
penetration cannot be definitely ascertained, except by sawing 
Piece | in two. Of two pitch seams, similar in appearance and permit- 
i -... the insertion of a knife point to the same depth, one will often be “ss 
found to be shallow and the other to go nearly through. 
Rigid requirements and inspection of the wood necessarily lead to cat 
E higher price of the pipe, to which there is, with some engineers, — 
ee tendency | to object, seemingly from a desire to make ee 
saving resulting from the use of stave pipe unduly large. ; 
ey. The specifications under which the Astoria wooden pipe was s built 
prescribe i in detail the character of all materials to be used, as well 
as their quantities: and dimensions, : and provide that all work shall be 
done in a manner satisfactory to the engineer. Gere 
In the erection and filling of pipe great care must be euseietiaalh ae 
the contractor to prevent overstraining of the bands. | The final test — 
_ of the satisfactory fulfillment of the above requirements shall be that - 
no band on being removed from the pipe, after the latter has been 
_ subjected to its natural working pressure for at least thirty consecu- 
, tive days, shall show any appreciable fixed increase in its original og 
length; and the failure ‘of 5% of the bands examined to meet this 
- requirement, shall be deemed sufficient grounds for the rejection ue 
of the entire work, until such defects have been entirely repaired 1 ina 
manner satisfactory to the engineer.” 
a will be observed from this, that pm the contractor shall Sine 
_ furnished the materials and performed the work in all respects as re- ak 
quired by the engineer, he is still liable to have his entire work 
rejected although the ; pipe line should prove to be entirely tight. Sititte 
Le = experiments mentioned by the author on page 18 were under- a 
The results were 


a a tendency for this strain to heen back speedily to the safe limit of about 
7 one-fourth the ultimate strength of the bands. This is due rather to a ‘a a 
yielding of the fiber under ‘the > round band than to lack of of compressive 
p strength of the wood in the direction of its width. It should be under- bs 
ae stood that a wooden pipe, when properly built, has its bands cinched 
= hammered into the wood until a width of bearing is procured — 
about equal to the radius of the band, which | may be don vi 


A lineal inch of a }-in. hand, as was used in the has 
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about 3 sq. in. A strain on the band ot 
SA 4 750 Ibs. ‘indicates a pressure per lineal inch of band on the wood of © 
ae _ 458 Ibs., or about 1 832 Ibs. per square inch of bearing, which, as might 
have been expected, could not be permanently sustained by water- 7 
soaked fir, regardless « of the | simultaneous tendency of the wood to — 
swell, and this sufficiently accounts for the gradual ‘reduction | of the be! 
- The limit of compressive strength of the staves in the direction of i‘ 
width was not reached i in any of the experiments mentioned; and 


limit of safe yusaeure in wooden pipe aan are believed to be 


™ The author states that yellow fir is a hard and rather unyielding — 


‘material. This statement is probably intended to apply to the w wood — ~ 


oy _ when perfectly dry, for the writer has found that fir, when partly 
4 green, can be readily compressed, as was proved in the cinching of the | 


_ Astoria pipe. The cinching is intended to be carried on to a point. 4 ae 


= rhere the width of the stave is forcibly reduced to a lesser width than 
w ould have resulted from shrinkage in drying, and this could be ac-— 
‘complished where the banding was close. Where the bands are spaced - z 
far apart, continued indentation of the band rather than further reduc- 
q tion of the width of the stave results. Light-banded pipe, if it is isto 
_ be tight upon first filling, s should be back-filled immediately after cinch- che 
P ‘ing, or, if not to be covered, should be recinched just before filling. — pAb ct 
Vee _ The author states that the wooden pipe at Astoria was entirely tight — ise 
from the beginning, and that this is contrary to the usual experience 7 
wW ith stave pipe. Ww hile such absolute tightness at first filling as was here : 
_ attained may be exceptional, the writer believes it to be entirely within > 


q 


start practically all causes of leakage. 


The author’s measurements of the actual amount of leakage of the 


7 


comparative tightness of the wooden and the steel pipe in this in- 
stance. They are of the more value because the opportunity of taking 


accurate measurements of leakage « of pipe Hines i is usually | either lack- 
= ing or allowed to remain unimproved. 


_ thor had in view the advantage of rendering the inside of the pipe ac- 


= tion is done from the outside, the main ¢ advantage lies in the ease of 

_ rounding the pipe out from the inside. In this connection it may be © 
stated that i in his recent practice the writer has used, on pipe smaller — 
18 ins., rounding-out machines, of simple construction, inserted 

in the pipe onl operated from its open end, which perform | their work — 
lt as can be done by an inside man with a mallet. W ‘hile j 


x 


wr 


‘” the bounds of skilful workmanship and inspection to avoid from the 3: 3 


"Astoria conduit are very instructive, especially as they illustrate E | 


_In determining upon a diameter of 18 ins. for pipe, the a- 3 


cessible for purposes of construction and inspection. As final i al inspec- 


— 
— 
— 
— 
q 
| 
3 
— 
— 
le 
2 
| 
j 
— 
— 


‘et the author has incidentally ol into practice the economical prin- ME 

ciple in the design of long pipe lines with greatly varying pressures, "4 ar 

which demands the saving | of head» | the e cheaper il 


addition to ‘engineering knowledge, valuable especially on 
 eount of the accuracy with which both the hydraulic grade line and th 
- flow have been ascertained. The close agreement between the as- a 
sumed and the measured hydraulic grade lines is remarkable. The _ 
coefficient of roughness of 0.01 usually assumed for "wooden stave pipe 
is shown in this case to have been slightly in error on the safe side. : 
may be appropriate to state here that on the wooden pipe line at As- . 
toria there are, in addition to a succession of sweeping horizontal aad 
vertical cur ves, , twenty- -seven ¢ cast-iron | bends, w with a radius of cu eu oa 
— ture of 5 ft., and with an av erage central angle of about 31°, con son 
ditions more unfavorable than are usually met with, - 
‘The reservoir at Astoria is located on the top of a knoll on ‘the side 
ofa range of “hills away from the » Columbia River and the city. - this i - 
location was selected to guard against danger of landslides, which, 
owing to the geological formation in connection with the copious rain- as a 
fall during the winter season, are rather common in the neaieweahion ae 
_ portion of Oregon, the extra expense of a tunnel, which i is necessitated, : 
most w wisely incurred. Experience with two new reserv¢ 
neighboring city, since the location of the Astori ia reservoir 


‘Power an incidental part of work in connection with 


gravity pipe lines originally intended for domestic ‘supply only. 


<4 the difference in cost of the work with and without this addition is not es 
a always ascertained, and a comparison of the resulting cost of water 
er with that of steam power is often deemed superfluous. He 
et this, not because of a doubt that such comparison has been 
made in this instance and the extra outlay has seemed justifiable, but _ 
because figures Ww ould be interesting, especially consider- 
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The detailed stateme off the nanet. _ As they are based, however, 
¥ add materially to the value o in the nature of the case cannot 
on the reports o 


Mr. Henny. take into account the many miscellaneous and unavoidable expenses © 


i a of the contractor, which at times. exceed the percentage ordinarily esti- 


“mated by the engineer for contractor’s profit, they necessarily 


_ basis for future estimates it is evident that that their use cannot dispense 
.  Arruur L. Apams, M. Am. Soc. C. E. author is pleased 
the action of ¢ expansion joints in concrete construction, as described 
in connection with the Astoria reservoir, has been verified by Mr. 


| 
state the real cost of the work by an unknown amount, and if made . 


es Russell in his observation of somewhat similar joints in the St. Louis "3 

settling basins, especially since Mr. G Gould seriously questions t that 
the joints act as described. The y purpose of the joints in the reservoir 4 

_ bottom was to prevent temperature cracking rather than to anticipate _ 

sa any considerable settlement, and for this purpose a joint every 20 ft. ~ 

‘seems sufficient. The thin coating of asphalt applied to the finished _ 
bottom concrete is is s intended as an n additional ‘safeguard against crac 


to water. Such a ‘cannot be expected to maintain its ¢ con- 
- tinuity in case of very serious breaking up of the underlying concrete. a 
_ A course of brick dipped i in asphalt and laid on top of the concrete, as 
was done on n the § slopes, would doubtless prove muc +h more effective 
a ‘under tryi ing conditions. a The author is much interested to learn , 
_ through Mr. Hering’s comments that the slopes of the Queen Lane 
ia Reservoir at Philadelphia are to be treated in a manner similar to the 
_ Astoria work, especially as he knows that the engineers charged with © 
a, the e former work have given much time to the inv estigation of f different 
7 types of asphalt linings, and have doubtless had to do much ‘sifting in 
the determination of the actual facts relating to the matter. ee 
_- a Regarding the proportions used in making the concrete, the writer _ 
_is not disposed to agree with Mr. Gould in pronouncing the composi a 
tion a lean mixture. The apparent scarcity of sand hes been accounted 
for by the presence of a large amount in the gravel used. The size of | 
this gravel varied from that of a pea to fine sand. The volume of the 4 
voids in the sand and gravel was -earefully determined, and the 
requisite amount of cement thus ascertained. — In reality, the propor- q 
tion of sand to cement was little in excess of two to one. “fl The result t- 
ing large saving in cement was accomplished by the use of gravel in 
addition to the broken | stone, an economy ov erlooked by many engi- 4 
neers; and the proportion of cement to voids was doubtless greater a 
used so » successfully at Havana, Cuba. The resulting ec concrete was 
excellent i in grag and ome be picked with the greatest er: 


‘ 


than in the three-to-one mixture which Mr. Gould speaks « of having a 
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hed by thecity. 

doubt due to its being furnis 5% advantage 

f the cement was no e pipe shows but 5% 


tec 
of a riveted pipe would give a carrying capacity equal to the sane 


pipe, seems 8 rather uz unfair to the latter, since any increase in diameter 
ta 


also, if the same factor of safety is to be preserv rved. The ratios of 
3 _ their respective carrying capacities for similar diameters, as determined ~ 
by use of the experimental value deduced for the factor x for each class — 
_ of pipe, would express s their real ner much more correctly, a and in | 
_ this case would show an advantage of 12% in favor of the stave pipe. 
ee Mr. Henny calls attention to the probable economy resulting from 
bow use bad a broken hydraulic grade line instead of a uniform diameter a 


sav ing in this way y when dealing with light pressures pipes s of 
moderate diameters, in which cases the requisite thickness of metal 
ei _is determined by structural requirements rather than the pressure. te 
_ Under these conditions an increase of diameter and an incidental ise 
a. saving i in fall can be accomplished without increase in n the thickness ~ 


in the diameter where the is the: 
trolling factor in determining the thickness of the metal. Though true 
toa less degree than in the case of steel, wrought-iron or cast-iron pipes, ert 
this reasoning is also applicable to stave pipe and applies at Astoria. 
deve elopment of power from. the pipe lines was wholly incidental 
to the general design, which was controlled by other considerations, — 7 
i principally the desire to supply directly by gravity three of the four > 
"distributing services contemplated. The only additional expense 
wd incurred by the power | appendage v was due to ‘the fittings a and building — % 
_ There seems to be some difference of atte ‘between Mr. Rifle 
and Mr. Henny as to the value of published statements of cost of work Wis 
_ in general al, but there seems to be no disagreement regarding their value _ 


to those who know how to use them. Iti is therefore fortunate i in 


ca present instance that the tables of cost have been submitted to the = ec 
_ American Society of Civil Engineers, oA 
Mr. Riffle and Mr. Harlow both take strong exception to i: 
‘author’s defence of awarding contracts to the lowest bidder. Mr. 
Rifle argument would in the case in hand be a very plausible 
Be were his premise, that ‘ +e “the contractor had no rights, either moral or = 
to enforce,” correct one. The very bad previous reputation 
which he gives the contracting in question, based, he says, on 
know ledge, was, unfortunately fc for his argument, ‘not ‘borne 
; out i in the careful inv vestigation made by the Astoria Water Commis- 
to making the awards. justice to contractor 
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gshght foundation when divested of the superstructure impo by 


CORRESPONDENCE ON ASTORIA WATER- 
‘a. Adame bid a certified check for for $11 000, although the total amount of the con- __ 
aa “sig tract awarded it aggregated but $50 000. "Whatever the final outcome, 4 
= it seems manifestly unfair to designate such a company as an ireapon- 
‘fl sible bidder; and the author, after carefully weighing all facts, was in| 
accord with the Cc Commission i in determining that the e company ii in ques- 
tion did not clearly belong in that category, , and, as the lowest bid- 
der, had rights that should be recognized. © _ Had this bid been rejected 
- under existing circumstances on the ground of irresponsibility of its 
_ signers, and the work awarded at a higher figure to other parties, the 
public as well as the disappointed contractor could very properly 
have demanded ‘sound r reasons for this repudiation of all thatisim- 
plied in the advertising of work to be let to the lowest responsible — 
_idaer, and the requiring of certified checks, bonds, etc., as a guer- 


i 
ar 


are to be. aw | work security asked 
offered, the engineer considers the bid too low, then the whole system 
- of competitive bidding and of requiring guarantee bonds from the _ 
_ party to whom award is made, is but foolishness, since the requiring . 
en of s security means nothing. Consistency will require those e not satisfied 
i with present methods of public contract letting to advocate radical — 
As fundamental changes, rather than to wish the logical sequences of those __ 
2a methods ignored, or to expect engineers in charge of work to make | 5 
themselves unw elcome and self-constituted guardians of the private 
: Bet fortunes of contractors and their sureties who are so bold as to differ 
Pee from them in their ideas relative to the probable cost of work. — The 
2 _ author believes that the interests of contractors of unquestioned re- -@ 
(Ne sponsibility are best protected against men of standing by 


_ just such an unswerving, consistent course as that ad dopted by the 
went W: ater Commission, by which means, without in any way 
_ jeopardizing the city’s interests, a financially irresponsible contractor - 
should he prove to be such, would be speedily and permanently dis- 


posed o of as future competitor. thanks cs the exercise of 4 


= incident to the contr actor’ 8 Stone, pee this part of the work was com- _ 
pleted sooner, and on the whole with less trouble, than was the case 
; = with certain financially very responsible contractors on other parts of ¢ 
7 the wo ork. The $4 500 ‘ additional cost to the city ” above that earned — 
ms, ae “ by the contractor on the reservoir was not, as Mr. Harlow suspects, — 
> _ used in settling unpaid bills of the contractor, but was the price paid 
Owing to the geological formation at Astoria,the unstable ground all 
ee ae lies upon the north « or Columbia River side of the peninsula, 1 while on the oi: 
es? Ll _ south or Youngs Bay side the material is of a wholly stable character. g 
tt r, ‘It was because of this condition that the reservoir was located on the 
south, side, and the connection ymade with the 
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